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Daisy’ standard 
now runs onan 


Introducing the 
Advansys Series” of 
high performance 
CAE workstations. 


Now the electronic design environ- 
ment you’ve dreamed of is here. 

Because the most advanced design 
tools in the world now run on the 
world’s most advanced standard 
platform. 

The Sun 3862" 

We call it the Advansys Series. 
And it encompasses 
some of the most 
powerful design tools 
ever developed. Plus a variety of 
affordably priced workstations. 
Including the 20 MHz and 25 MHz 
Sun 3867, as well as Daisy’s own 
LOGICIAN* 386 and the newly 
enhanced Personal LOGICIAN™ 
386. All share a standard system 
level environment, featuring UNIX" 
advanced X Window System 
graphics, Sun’s NFS” distributed file 
system and standard TCP/IP 
communications. 

Now you can get the workstation 
performance and flexibility you’ve 
demanded for your desktop. Includ- 
ing up to 5 MIPS of processing 
power, high resolution graphics 
display and an integrated UNIX/ 
DOS environment. 

Even better, all these advanced 
workstations run Daisy’s field- 
proven Advansys software packages. 
Eight turnkey tool sets that meet all 
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the demands of real world electronic 
design. Everything from design 
entry to digital and analog simula- 
tion, IC and PCB layout, fault 
simulation and test tools. 

But with Advansys, your capabil- 
ities dom’t stop at your desktop. 
Because Daisy’s unique network 
computing concept lets you create 
an affordable team design environ- 
ment incorporating a wide range of 
powerful network resources. 

Like Daisy’ MegaLOGICIAN*— 

Z the most widely used 
simulation accelerator 
ever created. Or the 
inet new GigaLOGICIAN"™ with 
up to 30 times greater performance. 

For complex system simulations, 
there’s Daisy’s PMX? the most popu- 
lar physical modeling system in 
use today. 

You can also link with network 
servers like the Sun-4™ based XL 
Server for analog simulation or PCB 
routing. And Daisy lets you access 
all this power simply by opening a 
window on your Advansys desktop 
workstation. Eliminating file trans- 
fers and other time consuming 
bottlenecks. 

To find out more about the new 
Advansys Series, call Daisy today 
at 1 (800) 556-1234, ext. 32. In 
California: 1 (800) 441-2345, ext. 32. 

We're raising the standard of 
excellence for electronic design. 
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European Headquarters: Paris, France (1) 45 37 00 12. 
Regional Offices: England (256) 464061; 
West Germany (89) 92-69060; Italy (39) 637251. 
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HFETs promise faster 
operation than GaAs 
MESFETs, but when 
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they'll be ready is still 


the main question 
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as ECL SEA-OF-CELLS ARRAYS COME OF AGE 
GEORGE OSTASZEWSKI AND TONY KING, Plessey Semiconductors Ltd., PHILIP WELSH, 
Plessey Semiconductor, AND BRUCE COY AND MIKE HOLLABAUGH, Applied Mucro 
Circuits Corp. 
Novel ECL circuit design and advanced processing techniques 
deliver 16,000 gates in a |.2-GHz sea-of-cells array. 
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50 CUSTOMIZING IMAGE PROCESSOR CHIPS WITH PLDs 
of North American Philips Corp. 


BOBBY SAFFARI AND PAUL T. SASAKI, Signetics Co., Division 
ay’s PLDs makes them candidates 


The increasing density and performance of tod 
for customized imaging and graphics applications. 
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60 AN ENGINEERING INFORMATION SYSTEM 
DAVID SMITH, Senior Editor, VLSI Systems Design 
The Department of Defense is applying its economic clout towards a standard 


environment for integration and management of design automation tools. 
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70 AN IDEAL MIXED-MODE SIMULATOR 
GEOFFREY SAMPSON, NCR Microelectronics 


A advantages and disadvantages of today’s mixed mode simul 


together with a discussion of the requirements for a dream simulator. 


foots 
so AUTOMATIC FLOORPLANNING 
RONALD AYERS, Mosis Project, U niversity of Southern California 


The requirements for a floorplanning tool are reviewed and the sys 
the MOSIS project is discussed in detail. 
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92 HETEROSTRUCTURE FETS 


RODERIC BERESFORD , Solid State Editor 
HFETs can provide another breakthrough in sw 
capability, but it’s anybody’s guess as to their arrival date. 
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The performance of 


today’s mixed-mode 
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on the analog to 


digital circuit mix 
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When it comes to delivery of 
high-quality, reliable ASICs, S-MOS 
wrote the book. 

We did it in collaboration with 
our manufacturing affiliate, Seiko 
Epson. With 18 years of CMOS 
experience, Seiko Epson is one of 
the world’s most advanced CMOS 
IC manufacturers. 

Through Seiko Epson’s high-yield 
manufacturing technology, we ship 
millions of ASIC units a month, and 


with a reject rate of less than .0001 %. 
That’s our quality story. 

Now we've added a new chap- 
ter on design. At our advanced 
R&D design facility, engineers from 
S-MOS and Seiko Epson are devel- 
oping new software to simplify 
circuit design, simulation and the 
creation of new megacells for our 
extensive cell library. 

Of course, you can still take 
advantage of our established design 


4 Pay 


SlA6430p,. 
*780 ogo 


tools because S-MOS supports such 
workstations as Daisy, Mentor, 
Calma and PC-based systems using 
FutureNet, OrCAD and ViewLogic. 

Our proprietary LADS simulator 
will speed up the design process. 
The S-MOS engineering team will 
support you from concept to 
production. 

If you are looking for an ASIC 
program that can make your designs 
best sellers, call us. (408) 922-0200. 


CMOS Gate Arrays 


Up to 38,550 available gates Complexities to 16K gates** 
» SLA8000 (800 ps)* » SSC1000 (1.4 ns)* 
1.2 drawn, 1.0p Leff. 1.8 drawn, 1.4 Leff. 
» SLA7000 (1.0 ns)* = Fully migratable from 
1.5 drawn, 1.2 Leff. S-MOS gate arrays 
» SLA6000 (1.8 ns)* » RAM and ROM 
2.0 drawn, 1.5p Leff. blocks available 
« SLA700B High Drive 
Output 
» SLAIOOL Low Voltage 


CMOS Standard Cells 


TANCELL is a registered trademark of Tangent Systems. 
*Typical propagation delay of 2-input NAND gate driving 2 internal loads with Imm of interconnect 
**Maximum gate utilization depends on amount of interconnect used 


Compiled Cell Custom 


The Alternative to Full Custom 
= 1.84 CMOS process 
= Can utilize dissimilar 
cell geometries 
» 3-button approach 
to custom design 
» Currently over 300 
fully characterized cells 
« Fast 14-week 
implementation time 
» Timing-driven TANCELL® 
place-and-route software 
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S-MOS SYSTEMS, INC. 
2460 North First Street 
San Jose, CA 95131-1002 
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VLSI: The Challenge to 


| Innovate 
With VLSI technology 


and foresight, the 


impractical it a n article that appeared in our October 1988 issue, A VLSI Join Module, made 
become the practical me realize how many ideas that were formerly impossible (or more appropri- 
ately, impractical) had suddenly become practical as a result of the rapidly growing ability 
of VLSI technology to provide massive and complex functions on reasonably sized chips at 
relatively low cost. 

This particular article described an architecture—implemented in VLSI—for speeding 
up searches in large databases. With traditional von Neumann architectures, words in a 
database are addressed and brought into a single central ALU, one at a time. The serial 
search is time consuming. Of course, performing the comparisons in parallel, would really 
accelerate the operation. But this “highly impractical” idea would require a separate ALU 
at every bit position in the memory. 

Professor Ali Hurson and graduate student Charles Petrie at Pennsylvania State 


University took on this challenge. They combined VLSI technology and massive parallel- 


ism to provide a new solution to the problem. They’ve already designed the first chips 
(which IBM fabricated) and proved the validity of their circuits and algorithms. An 
improved version (to be fabricated by NCR) is also in the works. 

Another example happened a few years ago. Howard Sachs of Fairchild Semiconductor 
foresaw that VLSI technology would allow him to build chips incorporating a number of 
performance boosting supercomputer techniques. The result was a breakthrough in 
microprocessor performance—the 5-Mips Clipper, now produced by Intergraph Corp. 

There are many other examples of technologists, in all fields of endeavor, who have had 
the foresight to leverage a new technology to overcome the roadblocks that rendered a 
great idea impossible or impractical. VLSI is one of today’s most challenging technologies. 
It challenges the foresighted technologist to dust off and re-examine all those great ideas 
that were abandoned for reasons such as “‘it’s not practical; it would be too big, too slow, or 
too costly to implement.” So let’s ignore the roadblocks and accept the challenge of 


VLSI—and begin innovating new architectures, new systems, and new products. 


ROLAND WITTENBERG 


EDITOR-IN-CHIEF 
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Access to the Right Technology 


Whatever your application, Raytheon 
can open the door to the appropriate 
ASIC technology. With over 14 years’ 
experience in semicustom design, 
Raytheon offers you many choices— 
CMOS, low power ECL and digital 
bipolar, as well as linear arrays. 


L] CMOS arrays: Raytheon’s low- 
power CMOS arrays to 20,440 gates 
have a 1.0 wm effective channel length 
and rad hard capability. Both our 
VHSIC-approved and standard families 
have the lowest power consumption in 
the industry. The 2 1m RL7000 array 

is a second source for LSI’s LL7000 
series. Standard cell solutions are 

also available. 


Raytheon offers you choices 


L] Low-power ECL arrays: The ECL 
products available from Raytheon have 
densities comparable to 1.5 14m CMOS 
arrays and I/Os compatible with ECL, 
TTL (10K or 100K), and CMOS. These 
ECL arrays also deliver the industry’s 
lowest power dissipation per gate. Their 
superior speed/power performance— 
<0.1pJ—provides the ASIC designer 
with state-of-the-art semicustom 
capabilities. 


L] Digital bipolar arrays: Our many 
years of experience in ISL array 
design and production give Raytheon 
a solid foundation for expanding 
ASIC technology. 
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L] Linear arrays: Raytheon’s bipolar 
macrocell arrays with 8, 12 or 15 gain 
blocks and FET input arrays with 4 or 
12 gain blocks utilize precision thin-film 
resistors. They can be configured into a 
variety of analog functions, including 
voltage references, switches, 
comparators, op amps, and VFCs. 


Let Raytheon open the door to a world 
of ASIC choices, with our proven track 
record in multiple ASIC technologies. 


Raytheon Company 
Semiconductor Division 

350 Ellis Street 

Mountain View, CA 94039-7016 
(415) 966-7716 


Where quality starts with fundamentals. 


2ND INTERNATIONAL 
WORKSHOP 
ON VLSI DESIGN 


December 15-18 
Bangalore, India 


his year’s workshop will 

be held in Bangalore, 
which is also known as the 
“Silicon Valley” of India. It 
will feature tutorials and panel 
discussions, as well as techni- 
cal presentations. Topics will 
include design rule checking, 
layout and routing, testing 
and test program generation, 
design database, CAE/CAD sys- 
tems, workstations, test vector 
generation, implementation 
algorithms, logic and circuit 
simulation, timing analysis 
and verification, silicon com- 
pilation, expert system appli- 
cations, fault modeling, and 
fault simulation. Additional 
information may be obtained 
by contacting Dr. Ravi M. 
Apte, Valid Logic Systems 
Inc., M/S 01, 2820 Orchard 
Pkwy., San Jose, Calif. 
95134. (408) 432-9400. 


IEEE INTERNATIONAL 
CONFERENCE ON 
WAFER-SCALE INTEGRATION 


January 3-5, 1989 
Fairmont Hotel 
San Francisco, Calif. 


his conference will present 

a balanced program of all 
the aspects of monolithic wa- 
fer-scale integration, includ- 
ing theory, technology, appli- 
cations, and products. The 
program will feature contrib- 
uted papers, poster presenta- 
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tions, and panel discussions 
and will cover topics such as 
WSI reliability, yield model- 
ing, wafer-scale CAD systems, 
packaging, power/ground dis- 
tribution, signal and image 
processors, and wafer-scale 
memory. For further informa- 
tion, contact Patty Patterson, 
TRW Defense Systems Group, 
1 Space Park (R2/2076), Re- 
dondo ‘Beach, Calif. 90278. 
(213) 812-0788. w 


1989 IEEE VLSI Test 
WORKSHOP 


April 11-13, 1989 
Bally’s Park Place 
Casino Hotel 
Atlantic City, N.J. 


he purpose of this work- 

shop is to discuss and ex- 
plore current test concepts and 
future trends in VLSI devices 
designed as microsystems. Pa- 
pers are solicited on topics in- 
cluding LSSD, BIT, testability 
trade-offs, test equipment, 
simulation, knowledge-based 
systems, redundancy, logis- 
tics, fault tolerance, packag- 
ing, analog/digital, and tester 
architecture. Authors interest- 
ed in making a presentation 
should submit, by November 
25, 1988, a 100—200-word ab- 
stract to Mukund Modi, Pro- 
gram Chairman, Naval Air 


Engineering Center, ATE Soft- 
ware Center, Code: 52514, La- 
kehurst, N.J. 08733, (201) 
323-2560. Additional infor- 
mation about the workshop 
may be obtained by contacting 
Wesley E. Radcliffe, Chairper- 
son, IBM East Fishkill, Dept. 
277, Bldg. 321-5E1, Hope- 
well Junction, N.Y. 12533. 
(914) 894-4346. s 


INTERNATIONAL TEST 
CONFERENCE 1989 


August 29-31, 1989 
The Sheraton Washington Hotel 
Washington, D.C. 


ponsored by the IEEE’s 

Computer Society and 
Philidelphia Section, the ITC 
provides a major forum for the 
exchange of information about 
the testing of electronic de- 
vices, assemblies, and systems. 
This year’s conference focuses 
on innovative test techniques 
and equipment needed to meet 
the challenges of the future. 
Technical presentation topics 
will include built-in-self-test, 
computer-aided engineering, 
design for testability, design 
verification, fault modeling 
and simulation, memory de- 
vices, microcontrollers and 
microprocessors, printed cir- 
cuit boards, surface mount as- 
semblies, system test, wafer- 
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scale assemblies, quality and 
reliability, standards, and test 
economics. Authors are invit- 
ed to submit, by January 16, 
1989, a 35-word abstract, and 
either a SOO-word summary or 
a full manuscript to Ray Mer- 
cer, Program Chair, Interna- 
tional Test Conference, Mill- 
brook Plaza, Suite 104D, 
P.O. Box 264, Mount Free- 
dom, N.J. 07970. For more 
details, call Doris Thomas, at 
(201) 895-5260. . 


INTERNATIONAL CONFERENCE 
ON SEMICONDUCTOR 

AND INTEGRATED 

CIRCUIT TECHNOLOGY 


October 22-28, 1989 
Beijing, China 


D esigned to provide an in- 
ternational forum on se- 
miconductor and integrated 
circuit technology, this con- 
ference will cover such topics 
as amorphous silicon, bipolar 
technology, CAD, CMOS tech- 
nology, dielectrics, electrical 
characterization, IC design, in- 
terconnect technology, multi- 
level interconnect, packaging, 
process characterization, rapid 
thermal processing, and relia- 
bility/yeild. By January 9, 
1989, interested authors 
should submit a 300-word ab- 
stract detailing the work to be 
presented. To submit abstracts 
or to obtain additional infor- 
mation contact Linda Reid, 
Continuing Education in En- 
gineering, University Exten- 
sion, University of California, 
2223 Fulton St., Berkeley, 
Calif. 94720. & 


ILLUSTRATION BY LORRAINE RAYWOOD 


GAZELLE’S NEW HIGH-PERFORMANCE LOGIC DEVICES 


- == 
gazelle 


(408) 982-0900 


Call for an information kit. 
Or send your name and 
address to Gazelle, Dept. A, 


Breakneck Performance at Breakthrough Prices. 


Traditionally, the prime obstacle to outrageous perfor- 
mance is an Outrageous price. 

Meet the GA22V10s from Gazelle Microcircuits. 

They're the two fastest, high-density, user-configurable 
logic chips available. Chips that are up to twice as fast as 
their silicon equivalents. Chips that eliminate the high 
price of high performance. 

Running at 110 MHz with a propagation deiay of just 


75 ns, the GA22V10-7 liber- ae a a Ee 


ates the true performance 


of your system. It’s fast 
enough to let 68030s and GAZ2Vi0- 10 10. Ons _3. 64 ns 7. Sns_| 90 MHz 
RISC processors like the : 
full speed. Cache control, a 
bus arbitration and wait 7 
state bottlenecks simply — | _CYPRESS SEN 
disappear while worksta- 
tions and PCs gain a 33% boost in ee On 

Gazelle’s TTL-compatible GaAs is the reason. Our 
GA22V10 is 100% pin and function compatible with 
slower silicon 22V10s. We created 25 new internal circuit 
techniques to deliver this performance at this price. 
Which is why you don’t see these specs from any other 
manufacturer. In GaAs or silicon. 

All it took was a break from tradition. 


SPARC is a trademark of Sun Microsystems, Inc. Gazelle is a trademark of Gazelle Microcircuits, Inc. © 1988 Gazelle Microcircuits, Inc. All rights reserved. 


Lattice Bags AMD PLD Executive 


CYRUS TSUI 


yrus Tsui has jumped from the Programma- 
ble Logic division of Advanced Micro De- 
vices Inc. to assume the president and CEO 
posts at Lattice Semiconductor (Hillsboro, 
Ore.). “Ray bagged me,” says Tsui, refering to 
Ray Capice, Lattice’s executive vice president. 
Tsui was one of the developers of the PAL 
process, and moved up to executive posts at 


Monolithic Memories and AMD. Lattice, which emerged from 
Chapter 11 this year, is now poised to move from “tens of 
millions to hundreds of millions in sales,” according to Capice. @ 


DEC Buys into RISC 


schewing its homegrown 

attempts to join the RISC 

movement, Digital Equip- 
ment Corporation (Maynard, 
Mass.) has signed a technology 
exchange agreement with MIPS 
Computer Systems Inc. 
(Sunnyvale, Calif.) to gain ac- 
cess to the MIPS’ RISC technol- 
ogy and designs. 

Digital’s MicrovAXx work- 


) 


stations have been hard pressed 
to match the integer-process- 
ing specifications of compet- 
ing RISC platforms. “We in- 
tend to develop. high- 
performance systems, for the 
desktop and upwards, which 
utilize RISC,”’ explains Robert 
Palmer, Digital’s vice presi- 
dent and group manager of Se- 
miconductor Operations. 


tream 


Desktop 3D Graphics for $16,000 


ilicon Graphics Inc. 

(Mountain View, Calif.) 

has wrapped a_ 10-MIPS 
RISC microprocessor, 8-Mbytes 
of memory, eight color bit- 
planes, a 19-inch color moni- 
tor and its Geometry Engines 
into a workstation priced at 
$15,990. The IRIS 
comes with a new user inter- 
face called IRIS WorkSpace, 
supports the Network Filing 


Personal 


Systems, and runs all software 
written for IRIS workstations. 
Silicon Graphics has also ex- 
panded upward, introducing a 
line of multiprocessor systems 
that also run IRIS software. 
Called the POWER Series, they 
use as many as four 32-bit 
R3000 processors from MIPS 
Computer Systems, offering 
up to 80 Mips and 16 Mflops 


of computing resources. » 
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3D Systems Spring Up 


allas Semiconductor (Dallas, Tex.) plans to 
stand board designs on their ends. Using new 
edge connectors developed by Amp Inc., Dal- 
las has produced a series of plug-in subassemblies 
called SipStiks that extend board-level systems 
vertically. Like single in-line memory modules 
(SIMMs), SipStiks improve packing density by 
extending boards vertically from the system 
motherboard. Five SipStiks are now avail- 
able: a nonvolatile 1-Mbit SRAM; a 16K X 9 
two microcontrollers with non- 
volatile memory; and an ADPCM speech 
compression SipStik. Future releases 
include a modem, instrumentation, 

and a Tl line interface. SipSticks 

range from 2.5 to 3.5 inches long and 

are limited to a maximum height of 0.85 
inches. They use CMOS integrated cir- 
cuits to limit power dissipation. Dallas also 
offers a prototype mother board conforming to the 


Eurocard single-height standard. fe 
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A New Star Performs at 100 Mflops 


tar Technologies Inc. 

(Sterling, Va.) unveiled its 

new family of vector pro 
cessors, the VP-1 and VP-2, that 
deliver 50 and 100 Mflop per- 
formance respectively. The 
new 32-bit CMOS processors, 
which were first 
shown at last 
month’s Elec- 
tronic Imaging- 
‘88 conference, 
were designed to 
connect with a 
wide selection of 
host computers 
including those 
manufactured by IBM, Digital 
Equipment Corp., Concur- 
rent, Gould, Sun Microsys- 
tems, and Alliant Computer 
Systems. Both the vP-1 and vP- 
2 can be simultaneously at- 
tached to up to three dissimilar 
host computers as shared com- 


ee 


puting resources. 

The new Vector Processors, 
when attached to a host CPU, 
are ideal for realtime, com- 
pute-intensive applications 
such as radar and sonar pro- 
cessing, satellite imaging, and 


seismic data 
processing. 
The VP-1 pro- 


cessor incorpo- 
rates a single 
compute head, 
and is field-up- 
gradeable to the 
dual-headed vp-2 
= | with the addition 
of a second compute head. For 
those applications requiring 
even more power, up to three 
VP-2 systems can be stacked 
and directly interconnected to 
deliver up to 300 Mflops of 
computing power in a single 
19 x 72 inch EIA rack. i 


ee 


Interactive Chip Debugging 


ebugging the results from 

design-rule-check (DRC) 

software typically means 
wading through lists of design 
errors with cryptic location 
identifiers. Mentor Graphics 
Corp. (Beaverton, Ore.) has 
updated its IC layout tools to 
make this process graphical 
and interactive. Mentor’s RE- 
MEDI software works within its 
ChipGraph system to perform 
dimensional checks on one or 
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two mask layers interactively. 
The software can be directed to 
check only certain cells or a 
specific geometric section of 
the layout. It can check all 
geometric angles of the layout 
objects and can verify CMOS, 
BiMOS, Bipolar and GaAs fabri- 
cation technologies. 
Violations are highlighted 
and can be corrected without 
leaving the layout environ- 
ment. Also, multiple design 
rules can be applied in any 
single pass on the design. This 
debugging capability is en- 
hanced by a two times im- 
provement in the graphics per- 
formance of the ChipGraph 
layout editor. The REMEDI 
software package is priced at 
$14,900 through December. ™ 


No Waiting for VME Board’s 1-Megabyte Memory 


eneral Micro Systems Inc.’s (Montclair, Calif.) latest entry in 

the 32-bit VMEbus CPU board arena is its 68030-based 

GMSV17 that provides up to 1-Mbyte of on-board zero-wait- 
state, dual-ported SRAM. The new board uses Motorola's 33 
MHz microprocessor together with the MMU and a 68882 
floating point coprocessor. Also available are “mezzanine” mod- 
ules that can provide an additional 1-Mbyte of dual-ported SRAM 
or four to 16 Mbytes of dual-ported DRAM on a local bus. This 
expanded-memory module still requires only a single VME slot. 
The GMSV17 is priced from $2,096 in 100 piece quantities. 


i 
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Spectrum Speeds Analog Analysis 


third generation personal 

computer based software 

package for the analysis of 
analog circuits was recently 
rolled out by Spectrum Soft- 
ware (Sunnyvale, Calif.). Mi- 
cro-Cap III is a window-based, 
interactive design and analysis 
system that features an inte- 
grated schematic editor and 
Spice-like analysis routines. 


Micro-Cap III can perform AC, 


pc, Fourier, and _ transient 
analysis on analog circuits di- 
rectly from the schematic. 
The new package performs 
both linear and non-linear 
analysis of components such as 
resistors, capacitors, induc- 
tors, bipolar and MOS transis- 
tors, and op amps. Mixed- 
mode simulation is also 
possible with the integrated 
switch models and macros. @ 


dds are 50-50 


your perfect ASIC is a 
perfect dud the first time 


you plug it in. 


Thats wh ful the component modeling libraries, the 
greater the design capability. It’s as simple as 
that. 


Mentor Graphics By this simple, yet decisive measure, Mentor 


e Graphics brings you unequaled design capabil- 
ity. While other EDA vendors scurry to produce 
lets You combine their own ASIC libraries (with little guarantee of 
accuracy), more ASIC vendors put their libraries 
ASIC and board on Mentor Graphics workstations than any 
other. And in most cases, we’re the first work- 
: station supported, which means you have the 
circuitry } i ad first shot at exploiting new chip technologies. 
: ‘ ‘ With Mentor Graphics, you get a breadth of 
single simulation LSI and VLSI component models, both hardware 
e and software based. All of which can be mixed 
with ASICs in a single simulation that cuts your 


z . run time to an absolute minimum. 
Trouble in ASIC paradise. 


The big day has arrived. To be continued. 

Your first gate array is back from the foundry. So much for the present. We're already devel- 
With high expectations, you plug it into your oping new systems EDA tools that will extend to 
board and power up. every dimension of electronic product develop- 

It doesn’t work. ment. From high-level systems descriptions to 

Don’t feel alone. Over 50% of ASICs aren’t CASE. It’s what our customers expect. It’s what 
operational when first installed in their target we'll deliver. a {465 
system. Even though 95% pass their foundry It's all part of a vision unique to Mentor Graphics, 
tests with flying colors. the leader in electronic design automation. Let 


iar leimediate solution us show you where this vision can take you. 
: Call us toll-free for an overview brochure and 


pene Graphics shifts these ei odds ; the number of your nearest sales office. 
heavily in your favor with our QuickSim™ logic Phone 1-800-547-7390 


simulator, which lets you simulate both your (in Oregon call 284-7357). 
ASIC and board circuitry in a single run. 

With QuickSim, you not only track 
the internal operations of your ASIC 
circuitry, but also its transactions 
with the system at large. If there’s a 


Sydney, Australia; Phone 
612-959-5488 Mississauga, 
Ontario; Phone 416-279-9060 


Nepean, Ontario; Phone 
613-828-7527 Paris, France; Phone 
33-1-39-46-9604 Munich, West 
Germany; Phone 49-57096-0 


- 
ores Neu-lsenburg, West Germany; 
problem, you see precisely where it’s BBB aa 
e 4 eh a S222 _Givatayim 53583, Israel; Ph 
located, either inside or outside Bees = 972-777-719 Milan, aly: Phone 


your ASIC. All in a single, interac- 39-824-4161 Asia-Pacific 
tive simulation environment, 
where you can view and graphi- 
cally “probe” the circuitry created 
by our NETED™ schematic editor. 


Check out our libraries. 
Library support is an ideal 
benchmark to gauge the true 
worth of an electronic 
design automation system. 
The more diverse and plenti- 


Headquarters, Tokyo, Japan; Phone 
813-505-4800 Tokyo, Japan; Phone 
813-589-2820 Osaka, Japan; Phone 
816-308-3731 Seoul, Korea; Phone 
822-548-6333 Spanga, Sweden; 
Phone 468-750-5540 Zurich, 
Switzerland; Phone 411-302-64-00 
Taipei, Taiwan; Phone 
886-2-776-2032 Halfweg, 
Netherlands; Phone 31-2907-7115 
Singapore; Phone 65-779-1111 
Bracknell, England; Phone 
44-344-482848 Livingston 
Scotland; Phone 44-506-412222 
Middle East, Far East, Asia, South 
America; Phone 503-626-7000 
Helsinki, Finland; Phone 
358-0-45571 Madrid, Spain; Phone 
34-1-754-3001 
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A seventeen year 
partnership that 


changed simulation 


utz Henckels, presi- 
dent, CEO, and co-founder of 
HHB Systems Inc. (Mahwah, 
NJ), was born in Germany during 
World War II, and grew up in 
Solingen, a city on the Wupper 
River, east of Dusseldorf. Solin- 
gen gained fame when the craft of 
sword making was introduced 
there during the Middle Ages. 
But it also is well known for its 
worldwide reputation as a fine cut- 
lery center, and as anyone know- 
ledgable of fine cutlery might have 
guessed, the Henckels’ family was 
heavily involved in cutlery. For 
over 250 years, they operated an 
internationally respected cutlery 
manufacturing business, J.A. 
Henckels Twin Works. 

Lutz decided at an early age that 
he wanted to make his own mark 
in the world; he wanted to be at 
the cutting edge of technology. 
He did just that. He was one of 
the architects of the first commer- 
cially available digital simulator, 
CAPS, which was developed at 
GenRad Inc. (Concord, Mass.). 
CAPS was a cutting edge product 
targeted at the tester market. It 
brought a lot of attention to Gen- 
Rad. “The product was enormous- 
ly successful; we sold thousands of 
them,” Henckels remarked. 

He also remembers his first year 
in a university/industry cooperat- 
ive engineering program in Ber- 
lin, when he had an opportunity 
to work for a few months at 
EG&G in Massachusetts. It was 
there that he heard about the great 
reputation that Massachusetts In- 
stitute of Technology enjoyed, 
particularly in the United States. 
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HHB’s Henckels Likes 'To 
Be On The Cutting Edge 


common | __[ 
MODE PLUS" | — 


Other 
Simulators 


This prompted him to visit the 
school, where he applied for and 
was accepted in the electrical engi- 
neering program. “When I came 
here I only planned to stay for six 
months, but I ended up staying 
permanently,” he added. 

His years at MIT were very 
fruitful. He worked part time at 
GenRad while earning a BS and 
MS in Electrical Engineering and a 
Ph.D. in Computer Science. He 
also met his future partners, Rene 


‘Haas and Kenneth Brown, who 


were also attending MIT and 
working at GenRad on the CAPS 
simulator. 

Since they first got together in 
1971, Henckels, Haas and 
Brown, aka HHB, have been like 
the three musketeers. The great 
success of CAPS “‘gave us the con- 
fidence to leave GenRad and start 
our own business,” said Henckels. 
However, as a result of the cover- 
age that they received in the trade 
press when they left GenRad, they 
were swamped with job offers, 
some with equity benefits. “We 
were very young at that time and 
accepted an offer from Instrumen- 
tation Engineering in New Jersey 
that included two percent equity 
in the company. But, we soon 
realized that we wouldn't be able 
to accomplish our goals there. 


‘ 

The GREAT 
SUCCESS OF CAPS 

GAVE US THE 


CONFIDENCE TO 
START OUR OWN 
BUSINESS’ 


However, we did stay two years 
until we finished a new simulator, 
called MicroSim. We left in 1977 
to found HHB, and we've been 
here ever since,” he added. 

For the first five years, HHB 
was an profitable engineering ser- 
vices company developing simula- 
tors and automatic test program 
generation tools. But, after Haas 
and Henckels took the OMP 
course at Harvard University’s 
Business School, they decided to 
become a product oriented com- 
pany. The transition from a service 
oriented company to a product ori- 
ented one took two years, and of 
course, the first product out of the 
“new’’ organization was CADAT, 
an extremely successful simulator. 
Even today, the CADAT simula- 
tor together with the company’s 
CATS hardware modeler accounts 
for more than half of HHB’s busi- 
ness. Accelerators and automatic 
test generators also play a promi- 
nent part in the company’s future. 
Recently, HHB’s plans to broaden 
its base in the design automation 
arena have linked the company 
with several other design automa- 
tion players. 

When asked about the success- 
ful 17 year relationship that he has 
enjoyed with his two partners, 
Henckels comments, “We work 
together very hard, but when 
we're not working, we each go our 
own way.” When he’s not hard at 
work at HHB, where he devotes 
most of his time, Lutz Henckels 
likes to play hard. “I have the 
capacity to really switch off work 
and get involved with my family. 
Twice a year I take a vacation with 
my wife and three sons, and go to 
places like Chile, Ecuador, or the 
Galapagos Islands. 

—Roland Wittenberg. 
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DASH OPENS DOORS TO MORE 


VENDORS, SERVICES, AND SYSTEMS. 


FutureNet® DASH™ Schematic 
Designer gives you options no 

other schematic capture package 
can. With more than one hundred 
DASH-Partners providing a broad 
range of complementary products 
and services, DASH's industry- 
standard format is accepted virtually 
everywhere. So you won't end up 
with just a schematic. When you 
design with DASH, you'll have more 
choices in technologies, CAE sys- 
tems, foundries, and service bureaus. 
DASH is a universal front end design 
tool that has already opened doors for 
thousands of users worldwide. 


AN OPEN DOOR TO ASIC VENDORS. 
DASH has won the support of dozens 
of ASIC vendors, including National 
Semiconductor, Mitsubishi, Motorola, 
LSI Logic, MMI, Hitachi, and Xilinx. 
They provide vendor-specific symbol 
libraries and/or accept DASH net lists 
for simulation so you can design 
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DASH runs on 80386 and 80286 machines, IBM® 
personal computers, and the Sun-3 Series 
ASICs in DASH. Whatever your 
choice of vendor or technology— 
PLDs, LCAs, gate arrays, or other 
semicustom devices—DASH is the 
schematic entry software of choice. 


AN OPEN DOOR TO CAD SYSTEMS. 
Translators to a wide variety of PCB 
and simulation systems are available 
from FutureNet and our DASH- 
Partners. DASH is the only design 
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entry tool that can be used through- 
out your company, in multiple CAD 
environments, regardless of the mix 
of vendors. 


AN OPEN DOOR TO SERVICE BUREAUS. 
When you don't want to do it all 
yourself, DASH gives you access to 
outside services. Service bureaus 
throughout the world accept the 
DASH net list as standard input for 
their design, wire wrap, and PCB 
manufacturing services. 


FREE DASH EVALUATION PACKAGE. 
Take the first step. Call us today to 
qualify for your free DASH Evaluation 
Package, which includes evaluation 
software and documentation. Dis- 
cover how DASH can open doors 

for you. 


1-800-247-5700 
Ext. 269 
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The predictions of 
five years ago have 


not been fulfilled 


Y wife Celia is a 


physician. When considering a 


problem she frames it in terms of 


what zs not said, as well as what zs 
said. She’s often more interested in 
how things are perceived and pre- 
sented than in what is stated. 

This approach produces some 
well chosen questions. She has 
confidence in her own abilities but 
doesn’t confuse this with the cru- 
cial issue of getting the problem 
straight before operating on it. 

There is a lesson here that 
might help us understand why lin- 
ear ASICs have been such a disap- 
pointment. Disappointment? Yes. 
The technical and economic pre- 
dictions of five years ago have not 
been fulfilled. Linear ASICs are a 
tiny portion of the linear market- 
place. At least two companies that 
started to bring linear ASICs to 
market are currently building 
standard linear products. No lin- 
ear ASIC effort has achieved any- 
thing near the growth rate, profit- 
ability or size of comparable age 
standard product 
companies. 

What's wrong? The computer 
tools and models necessary to 
build successful linear ASICs are 
still crude and incomplete. Meth- 
ods for selection, characterization 
and control of construction tech- 
nologies for linear ASICs are still 
elusive. These and related prob- 
lems are real issues and need fixing 
before linear ASICs can provide 
the desired performance and profit 
advantages. 

Even if these problems go away, 
linear ASICs have a more serious 
issue. Most silicon scribes don’t 


linear 
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know beans about systems, and 
systems is what linear ASICs are 
all about. Few IC people have in- 
strumented a pharmaceutical 
plant, or shepherded a box level 
product through to production. 
Not many have worked with an 
interdisciplinary team to produce 
a medical instrument that really 
does what is required. IC hackers 
have not considered the practical 
realities of transducer fed measure- 
ment in an industrial environ- 
ment, in an airplane, the human 
body, or on an oil rig. 

This ignorance of systems 
makes listening difficult. It’s hard 
to know when to question or what 
to ask when you're ignorant. 
Worse, our human nature often 
steers us to cling to what is famil- 
iar, producing 
even arrogance. 

This ignorance can Cause criti- 
cal flaws in problem definition and 
communication between customer 
and vendor. No matter how high- 
ly developed linear ASIC technol- 
ogy is, it’s useless if these issues 
are not dealt with. This point is 
well illustrated by the experience 
of standard product linear houses. 
Customers keep vendors on the 
phone with questions about "sim- 
ple” linear products that they've 
been using for ten years. Regard- 


false confidence, 


é 

Tue IGNORANCE 
OF MOST SILICON 
SCRIBES ABOUT 


SYSTEMS MAKES 
LISTENING 
DIFFICULT’ 
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less of how well written the data 
sheet is, no matter how much 
characterization or information is 
available, issues come up—real is- 
sues, that can sink the customer. 
Sometimes it takes 45 minutes 
just to understand what the cus- 
tomer is talking about, let alone 
arrive at a satisfactory solution. 
Sometimes the customer doesn’t 
really understand what the prob- 
lem is, even when they think they 
do. Other times you don’t under- 
stand, even though you're sure you 
do. 

I can’t imagine the calamity of 
supporting somebody who wants 
50,000 pieces of some linear 
ASIC. He (and I) may not know 
it, but he’s the one providing the 
characterization and writing the 
data sheet. He expects to ship 
product, and I expect to make 
money. 

The customer-vendor relation- 
ship is as crucial as the technology 
in attempts to build linear ASICs. 
For people making the ICs, this 
means learning a lot more about 
what their customers are doing 
than they may be used to. It also 
means learning how to observe and 
listen before saying, or even think- 
ing, anything. 

If linear ASIC is to make a 
significant contribution the fast 
talking must be replaced with 
some slow listening. ™ 
JIM WILLIAMS 5 2 staff scientist 
at Linear Technology Corporation, 
Milpitas, Calif. , responsible for prod- 
uct definition, customer support and 
Prior to LTC he 
worked at National Semiconductor 
and taught at M.1.T. for ten years. 
He has consulted for U.S. and foreign 
companies and governments and pub- 
lished over 100 articles covering ana- 
log circuit design. 


circuit design. 


NOVEMBER 1988 


Arra 


For High Speed with Low Power. 


AMCC has the chips worth cheering about. When you need 
the versatility of high speed with low power in a bipolar array, 
our Q5000 Series Logic Arrays are the answer. They're designed 
for logic applications requiring speed/power efficiency. 

And they deliver. 

Today’s hi-rel commercial and military semicustom applica- 
tions need high performance and proven reliability. And, our 
Q5000 Series gives you both—without paying the power penalty. 

Our newest bipolar series is comprised of five arrays. All 
feature 4 levels of speed/power programmable macros and 
over 600 MHz I/O capability. One comes with 1280 bits of 
configurable RAM. 


~ Q5000 Series Key Features _ 
Equivalent Gate Delay: 210-545ps 


Flip/Flop Frequency: >600 MHz 


AMCC Bipolar Logic Arrays 
have been designed with other 
flexible performance features in 
mind, too. Mixed ECL/TTL I/O 


Power Per Gate: ImW wee : 

Speed/Power Product: 0.5pj{ compatibility. Your choice of 

Equivalent Gates: 1300-5000| packaging. Full military screen- 

1/0 Pads: 76-160| ing. AMCC’s MacroMatrix® 

Operating —55°C to} design tools. And, unrivaled 
Temperature Range:  +125°C! cystomer support. 
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To talk with an applications engineer about 
your specific needs, in the U.S., call toll free 
(800) 262-8830. In Europe, call AMCC 
(U.K.) 44-256-468186. Or write, Applied 
MicroCircuits Corporation, 6195 
Lusk Blvd., San Diego, CA 92121. 

(619) 450-9333. 


A Better Bipolar Array is Here. 
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GEORGE OSTASZEWSKI, 


TONY KING BRUCE COY AND 
AND PHILIP WELSH, PLESSEY MIKE HOLLABAUGH, 
SEMICONDUCTORS, SWINDON, U.K., APPLIED MICRO CIRCUITS CORP., 
AND SCOTTS VALLEY, CALIF. SAN DIEGO, CALIF. 


he sea-of-gates architectures has yielded 
density and performance improvements in CMOS technology. In the past, however, the high 
power dissipation of emitter-coupled logic (ECL) has rendered it impossible to make bipolar sea- 
of-gates arrays. Now, circuit design and fabrication process advances permit the hitherto 
impossible: 16,000-gate sea-of-gates arrays, with 95 percent utilization, a 1.2 GHz clock 
frequency, and power dissipation of less than 16 W. 
This article presents the first bipolar sea-of-gates array capable of such performance. Avail- 
able both as the ELA80K series from Plessey Semiconductors and as the Q20K Novel 
series from Applied Micro Circuits Corp. (AMCC ), the family offers up to 


Circuit and 


some 15,000 usable gates and 256 I/Os on one chip. The arrays were jointly 


Processing 
developed by Plessey and AMCC in a technology partnership, with both 
ve Methods 
companies providing process and architecture expertise. 
In the resulting bipolar sea-of-gates array family, innovative circuit design stelle 
techniques have achieved symmetrical 130-ps gate delays with reduced static Density 
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THE SEA-OF-GATES ARCHITECTURE HAS BOOSTED ECL PACKING DENSITIES 


POLO ROITD PRINT BY JM FINLAY SON VEST SYSTEMS DESIGN f9 


The traditional 
approach to IC design. 


The Cadence 
approach. 


How you play the game 
determines if you win or lose. 

And there’s plenty at stake. 
Your design. Your product. 
Maybe even your company. ‘ 

Traditional IC design isfullof = 
pitfalls and blind alleys. While there 
are plenty of good tools available, 
none of them really work well 
together. 

There is a better approach. 

Design Framework” architecture | 
from Cadence. The first integrated 
design environment to support the 
entire IC design process. A system 
that lets you go from start to finish 
in one smooth, direct path. 

Not a “shell? Design Framework 
architecture is a unified environment 
where all design tools share the same 
user interface and design database. 
So important details never get lost in 
transit. Or garbled in translation. 

But Design Framework tools don’t 
just passively coexist. They actively 
cooperate. As your design rolls along, 
you see the impact of every change. 
In real time. Catching and correcting 
errors as they’re made. Eliminating 
the need to go back and start over. 

The bottom line— you finish 
designs faster and more economically. 
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You get to market sooner. And put 
greater distance between you and 
your competition. 

In fact, Design Framework 
architecture can boost your design 
productivity five times or more 
over the traditional approach. 

Design Framework architecture 
also fits easily into your existing 
design environment. You can even 
couple tools you developed or bought 
from other vendors. 

And it’s all brought to you by 
Cadence. The IC design automation 
software tool leader. We'll be happy 

to tell you more. Write or call 

for a copy of our IC Design Game 

Plan: Cadence Design Systems, 

Inc., 555 River Oaks Parkway, 

San Jose, CA 95134, inside 
California: 1-800-672-3470, ext. 866, 
outside California: 1-800-538-8157, 
ext. 866. 

Because in today’s competitive 
environment playing by the old rules 
is a losing game. 
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FIGURE 1. Cross-section (a) and 
contacts. 


power requirements. Since the 
array uses bipolar rather than 
CMOS process technology, gate 
delays are not adversely affect- 
ed by capacitive loading. Sea- 
of-gates architectures and tri- 
ple-level metal also make the 
arrays more compact, reducing 
wiring delays. 


@ TECHNOLOGY 


The array is manufactured 
on a silicon bipolar process in- 
corporating two polysilicon 
contact layers (base and emit- 
ter) and trench isolation. Fig- 
ure 1A shows a cross-section of 
the transistor structure. 

The 1-m wide trench de- 
couples the active device from 
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photomicrograph (b) of the 


Lis 


transistor structure, 
the rest of the die, reducing 
the collector substrate capaci- 
tance by more half. 
Trench isolation is also more 


than 


compact than conventional ox- 
ide isolation, doubling the 
possible packing density. 
The minimum emitter fea- 
ture size as drawn is 1 wm X 2 
jum (0.6 wm X 1.6 pm effec- 
tive). Combined with the low 
capacitance of the double-po- 
lysilicon trench-isolated pro- 
cess, the small feature size per- 
mits a cutoff frequency of 13.5 
GHz. Figure 1B shows a photo- 
graph of a fabricated transistor 
witha 1 wm X 5 wm emitter. 
There are two levels of poly- 
silicon and three levels of met- 


showing the trench isolation and polysil 


iia 


icon 


al interconnect in the process, 
resulting in extremely high 
routing density. The mini- 
mum wiring pitches are 4 wm, 
5 wm, and 7 pm on the three 
metal levels. 

Vias can be placed on any 
metal level without “yoking” 
(widening the metal tracks 
around the edge of the via). In 
processes that require yoking, 
vias cannot be placed adjacent 
to each other, as the widened 
metal tracks around each via 
would cause a metal short. As 
a result, yoking introduces re- 
strictions on CAD tools and re- 
duces the available routing 
area. The absence of restric- 
tions on via placement in this 


array’s process therefore facili- 
tates automatic layout and in- 
creases the routing density. 


@ TWO OBSTACLES TO: 
HIGH-DENSITY ECL 


It is the unique circuit de- 
sign which, coupled with the 
permits 
densities approaching those of 


advanced process, 
CMOS in a bipolar array with- 
out sacrificing ECL’s speed 
performance. 

The new circuit structure is 
best understood by comparison 
with existing ECL. A-conven- 
tional ECL output stage uses an 
emitter follower buffer stage to 
drive the load. However, in 
orthodox ECL technology, the 
emitter follower is biased by a 
static Current source—a resis- 
tor. When the driving signal 
swings from low to high, the 
emitter follower pulls the out- 
put high at a speed commen- 
surate with the high current 
available through the transis- 
tor. However, when there is a 
logic transition in the opposite 
direction, from high to low, 
actively 
pulled low; instead, the static 


the output is not 


current source sinks the re- 
quired current. 

The passive pull-down in 
conventional ECL has two dis- 
advantages. First, the gates 
consume a great deal of power 
even when the outputs are stat- 
ic. In fact, the static current 
drain results in a power con- 
sumption on the order of 30 W 
for a 10,000-gate ECL chip. 
Power dissipation in excess of 
15 W necessitates very expen- 
sive packaging with large heat 
sinks and at least forced-air 
cooling. And high current de- 
mands complicate system de- 
sign and expensive 
power supplies. Large power 
supplies increase the overall 
system size, further increasing 
system Cost. 

Secondly, the passive pull- 
down complicates logic de- 
sign. Static current sources in- 
herently introduce a difference 
in the transition times of the 
rising and falling edges, a 
skew that increases with inter- 
connect loading. The presence 
of skew increases the likeli- 
hood of hazards and glitches. 


require 
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ChipCrafter™ is the integrated design timing analysis at your Mentor Graphics™ 
tool that takes your complex CMOS ASIC workstation makes them easy, and as dense 
design out of the stone-age and into the as hand-packed. 


future. FREE. ASIC Estimating Kit. 


High-level compilers, configurable librar- What will it take to do your design with our cutting-edge design 
tool? Our free ASIC Estimating Kit lets you analyze design trade-offs, 


1€S, process independence, and logic syn- including performance and cost implications, in a variety of processes. 
thesis make ChipCrafter designs efficient. Find out how ChipCrafter and Seattle Silicon chip away at design 


restrictions to deliver the next generation of ASICs. 


Automatic place and route, buffer sizing, and Call for your free kit:1-800-FOR-VLSI ext. 500. 


SEAT TLESILIC@N 


Launching the next generation of ASICs. 


3075-112th Ave N.E., Bellevue, WA 98004, (206) 828-4422. 


Copyright 1988, Seattle Silicon. ChipCrafter is a trademark of Seattle Silicon Corp. 
Mentor Graphics is a trademark of Mentor Graphics Corporation. 
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TABLE 1. 1/0 DRIVER COMPARISON 


VITESSE 
VSC4500 
(TYP/MAX) 


“GND. be 19'S 
DISCHARGE | 
\ <——_ CURRENT © 


TURBO 
FAMILY 
(TYP/MAX) 


RAYTHEON 
CGA70E18 . Je 
(TYP/MAX) 1 eS 
ECL 10KH INPUT Vy7—250 mV QI 

Tpd+ + (ps) 
Tpd— —(ps) 
POWER (mW) 


430/624 
400/580 
2.3/3.7 


200/250 
200/250 
2.5/3.0 


514/935 
127/231 
3.5/4.1 


‘TTL INPUT 
Tpd + + (ps) 
Tpd ~ - (ps) 


1,380/2,001. 
530/769 
3.3/5.3 


270/338 
100/125 
1.0/1.3 


820/1,492 
1,046/1,904 
6.6/7.3 


POWER (mW) 


ECL 10KH OUTPUT 
Tpd + + (ps) 

Tpd— — (ps) 
POWER (mW) 


270/338 
202/253 
40.0/52.0 


820/1,492 
725/1,320 
4.8/7.2 


830/1,204 
1,280/1,856 
23.3/37.3 


‘NOTE 1. ALL VALUES ARE FOR THE FULL MILITARY TEMPERATURE 
AND VOLTAGE RANGE. 
NOTE 2. TURBO VALUES FOR TTL INPUT ARE BASED ON 
SIMULATION RESULTS. OTHER TURBO VALUES ARE ESTIMATES. 
NOTE 3. VITESSE AND RAYTHEON INFORMATION FROM COMPANY 
DATA BOOK FIGURES. 


In the worst case, a circuit will 
not work; at best, it must run 
more slowly. 


@ THE DYNAMIC 
DISCHARGE CIRCUIT 


The Turbo dynamic dis- 
charge circuit overcomes the 
parallel problems of power dis- 
sipation and signal skew. Fig- 
ure 2 shows an example Turbo 
circuit for an inverter. As in 
conventional ECL, an emitter 
follower provides an active 
pull-up of the load. However, 
this circuit supplements the 


switches, the base of is charged 
up through C,, turning on the 
active pull-down transistor. 
The output is then pulled from 
high to low through the collec- 
tor of Q. 

Since the output signal is 
actively pulled both up and 
down, rise and fall times are 
symmetrical. As with conven- 
tional ECL, the delays through 
the circuit are the same on 
high-going and low-going 
transitions; thus, the output 
response is completely bal- 
anced. Figure 3 shows the 


to those in Figure 3 over a 
range of typical loads. Table 1 
compares I/O driver perfor- 
mance expected from the 
Turbo array technology with 
data sheet specifications of 
available ECL gate arrays from 
Raytheon and gallium arsenide 
arrays from Vitesse. 

If a +5 V supply is avail- 
able, the I/O cell can include a 
Darlington output as well as a 
Turbo dynamic discharge cir- 
cuit. The current requirements 
for this +5 V supply are less 
than 50 mA for the entire 
chip. 

With the Darlington out- 
put option, a single I/O cell 
can drive a 25-) parallel ter- 
minated line with significantly 
less current than required in 
using two parallel 50-Q driver 
outputs, thereby reducing IC 


FIGURE 2. An inverter circuit in the ECL Turbo technology. 


maximum possible functional 
packing density. Since a bipo- 
lar gate tends to contain more 
components than a CMOS 
gate, it makes sense to use core 
cells that contain more compo- 
nents than typically found in 
CMOS sea-of-gates arrays. 

In the Turbo array series, 
the core cells contain 18 active 
components, 10 resistors, and 
one capacitor (see Figure 4). 
The cell is thus large enough 
for a complete latch or a 6- 
input OR/NOR gate. Additional 
components may be shared 
with neighboring cells if only a 
small number of devices are 
needed for a function in any 
particular macro. 

The array family contains 
three members offering up to 
16,000 usable gates. The larg- 
est array contains 4290 core 


conventional ECL structure propagation delay for the ac- power dissipation even _ cells, arranged in 39 rows of 

with a capacitively coupled ac- tive pull-down circuit, com- further. 110 cells. These cell counts do 

tive pull-down arrangement. pared to a conventional ECL m ARRAY not include three additional 

The circuit area is increased circuit in the same _ process cell columns that are dedicated 
: ARCHITECTURE 


slightly by the additional ca- 
pacitor and transistor. Howev- 
er, circuit area is not the limi- 
tation on ECL chip density; 
power consumption limits 
density much more than cir- 
cuit size does. The dynamic 
discharge circuit yields such 
savings in power that chip 
density improves markedly de- 
spite the additional circuitry. 

With the dynamic dis- 
charge circuit, an output 1s 
pulled from low to high in the 
same way as with conventional 
ECL, that is, with transistor Q, 
conducting the differential- 
pair current and the emitter 
follower strongly turned on. 
When the differential pair 
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technology. As can be seen, 
the passive pull-down delay 
increases by 90 ps per pF of 
loading, compared to about 20 
ps/pF for the active pull-down. 


@ I/O CELL DESIGN 


Active pull-downs can be 
employed in gate array I/O 
cells for similar advantages. 
Differential I/O drivers typi- 
cally differ in delay behavior 
with low-to-high and high-to- 
With active 
pull-downs, the transitions are 
much more evenly balanced. 
Off-chip skews of signals at 
both 10KH and 100K logic 
levels have been demonstrated 
to show similar characteristics 


low transitions. 


The reduced power dissipa- 
tion makes it possible, for the 
first time, to use a_ sea-of- 
gates, or more appropriately, a 
“sea-of-cells” architecture in a 
bipolar array. Sea-of-cells ar- 
chitectures obviate the need 
for dedicated routing channels 
between core cells, yielding a 
40 percent reduction in die 
size for a given number of 
cells. It is this large reduction 
in die size that makes the addi- 
tional Turbo circuit compo- 
nents insignificant. 

To achieve high cell utiliza- 
tion along with reduced die 
size, the array’s core cells must 
be carefully designed for the 


to provide the threshold and 
clamp generators required in 
ECL circuits (see Figure 2 
again). 

The sea-of-cells architecture 
uses all three levels of metal for 
signal distribution. The lowest 
metal level is used almost ex- 
clusively to wire the transistors 
into SSI, MSI and LSI macros 
such as NOR gates, multi- 
plexers, latches, and counters. 

The power grid for the array 
core is fixed and resides on the 
two upper metal layers, with 
horizontal power buses on the 
second level and vertical power 
buses on the third level. The 
matrix of second- and third- 
level metal power buses dis- 
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Previously, the best CAE: tools were available on only one platform. 


From the leader in desktop CAE solutions comes a new concept in electronic design: you pick 
the platform. 

Viewlogic® was the first to deliver a premium CAE solution on 286/386 PCs through “native mode” 
technology. Now we’ve ported the entire Workview® suite of CAE solutions—including VHDL simulation, a 
mixed analog/digital simulator, and ASIC vendor kits—to Sun and VAX™ workstations. For example, you can 
runa VHDL circuit simulation of 50,000 gates in minutes on a 386/PC, Sun Workstation® or VAXstation. 
Standardize on one, or pick a combination and design complex ICs, ASICs, and systems in 
a multiple platform environment—and retain a common user interface and shared database. 

With Workview, you have access to superior CAE solutions on 


today’s three most popular workstations in electronic design. For more W a 
information, call: 1-800-CAE-VIEW;; in Massachusetts, 1-508-480-0881. VIE logic 


desktop CAE and beyond 


80386 PC 

VHDL Simulation 

50,000 gates/4,000 vectors 
15 min 14 sec 


Sun 3/60 


VHDL Simulation ae = VAXstation 3000 
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50,000 gates/4,000 vectors 
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Viewlogic Systems Inc., 313 Boston Post Road West, Marlboro, MA 01752 


Viewlogic and Workview are registered trademarks of Viewlogic Systems Inc., VAX and VMS are trademarks of Digital Equipment Corp., Sun Workstation is a registered 


trademark of Sun Microsystems Inc. 
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systems. 
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user-friendly Macintosh II™ implementation 
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your ‘learning curve’. 
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and for ECL Turbo (active) NOR gates. 


tributes current evenly 
through the chip and mini- 
mizes bus drops. 

The lower power dissipation 
with the active pull-down cir- 
cuit design means that power 
buses can be narrower com- 
pared to conventional ECL and 
less of the metal levels are tak- 
en up by wide power lines. As 
a result, there is ample room 
for all the inter-macro signal 
routing on the second and 
third levels of metal, in the 
spaces between the power 
tracks. For example, in the 
16,000-gate array, there are 
702 horizontal and 660 verti- 
cal wiring channels for global 
interconnect. These channels 
are arranged with 18 running 
horizontally between each 
power bus on metal two, and 6 
running vertically between 
each power bus on metal three. 

The macros are wired up on 
the first metal level using a 4- 
jum pitch. The horizontal 
routing, however, has a 5-w~m 
pitch, and vertical wiring has a 
7-wm pitch. Because a sub- 
stantial portion of the wiring is 
accomplished on metal level 
one, the larger pitches on 
higher metal levels do not im- 
pede routability. However, 
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FIGURE 3. Propagation delay versus loading for conventional ECL (emitter follower) 


there is no direct correspon- 
dence between the grids on 
each metal level. Therefore, to 
facilitate global routing, the 
macros are handcrafted to offer 
multiple “hit points,’’ where 
vias can be dropped from the 
global routing tracks onto the 
individual macros. 

Obviously, hit points can- 
not occur in the same place as 
the power grid, else they 
would merely tie the signal to 
a power rail. Because the pow- 
er grid occupies fixed locations 
every 19 horizontal channels 
and 7 vertical channels, macro 
wiring can “slide around” on 
the sea-of-cells array only 
within one such sector of the 
power grid. 

With ECL, the number of 
transistors in a standard gate is 
relatively large compared to 
CMOS. There is also a larger 
variety of components needed 
for each gate. The cells in ECL 
sea-of-cells arrays are therefore 
larger. The power rail is fixed 
to fall on the cell boundary. 
The cells are 7 terminals wide 
and 16 terminals high. The 
horizontal power buses then 
fall over the resistors at the top 
and bottom of the cell, which 
tie to the power rails anyway, 


so no hit points are obstructed. 
The vertical rail falls over the 
leftmost column of compo- 
nents, all of which are internal 
gate components (biasing tran- 
sistors and the coupling ca- 
pacitor). There are therefore no 
problems with hit-point ob- 
struction, even though a fixed 
power grid is employed. 


@ FRONT-END DESIGN 
SUPPORT 


Both Plessey and AMCC 


FIGURE 4. Component layout in the Turbo array constituent cells. 


support front-end design on 
the Macro-Matrix design envi- 
ronment, which is integrated 
with Daisy, Mentor, and Valid 
engineering workstations. 
These systems assist the de- 
signer in all phases of the de- 
sign cycle. During initial 
specification, the designer can 
capture schematics and run 
product-dependent engineer- 
ing rules checks. During de- 
sign analysis, he can perform 
logic simulation and check 
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AMP is a trademark of AMP Incorporated. 


Our sockets are designed to get solidly 
" into contact and stay in contact. No matter 
Tift What the outside influences. Pop-out is 

= simply not a problem. 


Controlled contact 
interface angle 

in AMP HPT sockets 
ensures positive 
chip carrier retention. 
Our exclusive removable 
housing allows direct 
inspection of solder 
joints, and fast 
repair/replacement 
of contacts. 


ont | 


“pop goes th 


e circuit: 


The contacts are High Pressure Tin, an 
AMP proprietary design which creates 
very high normal forces—a minimum of 
200 grams per contact—for maximum 
retention and reliable interconnection. 
Short-signal-path contacts float in the 
housing to accommodate thermal 
expansion. 

Two basic styles of sockets are avail- 
able: square or 32-position rectangular 
EPROM and SO-J. Both come in solder 
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> 
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all the important details. Tin-over-nickel 
plating is applied after the contacts are 
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1, and polarizing to aid correct insertion. 

Orientation holes in the 94V-0 housing 
floor make registration to the 


iat 1 r Seven socket 
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pe board both fast and simple, ideal for Call the AMP Information Center 
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effective use of real estate. Harrisburg, PA 17105-3608. 
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, _ TABLE 2. D Fu For El lls 


at 362/427. | 
BI 


Ted “b ips 362/427 
Tpd + — (ps) 


POWER (mW) 


2921344. 


650/943 


4 035/1, 884 
1762/1, 387 


680/986. 
650/943 


860/1,565 
977/1,778 


5.0/8.0 


NOTE | ' ALL VALUES ARE FOR THE FULL MILITARY TEMPERATURE 


AN D VOLTAGE RANGE. 


NOTE 2. TURBO VALUES. ARE BASED ON CIRCUIT AND PROCESS | 


‘SIMULATION RESULTS. 


VITESSE AND, RAYTHEON INFORMATION FROM COMPANY DATA 


BOOK FIGURES. 


critical paths via static timing 
analysis under a range of oper- 
ating conditions. In test gen- 
eration, the engineer can verify 
test vector formatting and de- 
termine the vector set’s fault 
coverage. 

AMCC also offers a version 
of the MacroMatrix system 
that allows array users to per- 
form their own placement and 
routing. The CAD tools, dis- 
cussed below, incorporate a 
rule-based expert system that 
accepts user parameters and 
then generates a layout 
automatically. 

MacroMatrix support also 
includes software that 
mates design submission to 
Plessey and AMCC, facilitat- 
ing the otherwise onerous task 
of interfacing with the vendor. 

Plessey also supports the 
mainframe-based CAE system 
PDSII. PDSIL runs on all VAX 
VMS systems and offers all the 
same features as the engineer- 
ing workstations. PDSII also 
supports all of Plessey’s CMOS 
gate array and cell-based ASIC 
products and is furnished with 
a multiple-window interactive 
design and layout 
environment. 


@ PLACEMENT AND 
ROUTING 


auto- 


Sea-of-gates arrays present 
unique challenges to layout 
tools because of the restricted 
routing space. Typical sea-of- 
gates offerings do not support 
utilizations much higher than 
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about 45 (Meyer, 
1988). However, due to the 
use of triple-level metal, an 
optimized power grid, and 
larger cells than found in CMOS 
arrays, the utilization of the 
bipolar sea-of-cells architec- 
ture in the Turbo arrays is 
more than twice as_ high. 
Moreover, because each cell is 
larger and contains more 
equivalent gates than CMOS 
sea-of-gates array cells, there: is 
less global routing over a larg- 
er area, which makes layout a 
simpler task. 

Currently available for auto- 
matic placement, AMCC’s AMC- 
CAD layout system uses an en- 
hanced version 
squares algorithm found in In 
least-squares placement, the 
flattened netlist is projected 
onto an N-dimensional space 
with internodal distance de- 
pendent on user-defined 
weights. The N-dimensional 
representation is then flattened 
into a planar mesh. 

Plessey is readying an auto- 
matic floorplanning and layout 
system that will be offered as 
part of PDsII. The floorplanner 
will use the hierarchy defined 
by the designer for an initial 
constructive placement. The 
placement within each block 
will then be optimized with a 
rule-based system. The opti- 
mization works from the logic 
structure, clock 
distribution and busing 
problems. 

Because global routing oc- 


percent 


of the least- 


minimizing 


curs on only two of the three 
metal layers (with one layer 
dedicated to macro routing), a 
conventional two-level router 
can be employed for global sig- 
nal routing. 

Plessey’s PDSII and AMCC’s 
AMCCAD both offer N-level 
routers. These layout tools al- 
low interactive 
critical paths as well as com- 
pletely automatic routing in 
accordance with user-specified 
net priorities. 

As a result of the technology 
agreement between the two 
companies, designers can now 
not only design in the highest- 
performance arrays currently 
available, but also are fur- 
nished with a complete alter- 
nate-source capability on all 
aspects of the CAE and CAD 
process. The design engineers 
can use either Plessey’s or 
AMCC’s CAE system; either 
Plessey or AMCC will perform 
automatic placement and rout- 
ing; and whichever CAE and 
CAD path is chosen, either pro- 
totypes or production quanti- 
ties may be obtained from the 
other vendor if desired. 


@ PERFORMANCE 
CONCLUSIONS 


An advanced 1-jm bipolar 
process enabled the design of a 
16,000-gate ECL array that can 
operate in the region of 1.5 
GHz. By using the Turbo dy- 
namic discharge circuitry in 
the core macros, static current 
consumption is dramatically 
reduced compared to conven- 
tional ECL. In addition, the 
dynamic discharge circuit 
yields symmetrical rise and fall 


delays over the full range of 


loading conditions. 

The dynamic discharge cir- 
cuit has for the first time made 
it possible to use a sea-of-cells 
architecture for a bipolar logic 
array. Removing routing 
channels increases circuit den- 
sity and therefore reduces both 
chip size and wire delays. CAD 
support and careful array de- 
sign make it possible to obtain 
95 percent utilization of a 
16,000-gate array. 

Table 2 compares the per- 
formance parameters of the 
sea-of-cells array devices with 


routing of 


those for existing channeled 
ECL (Raytheon) and gallium ar- 
senide (Vitesse) arrays. The 
sea-of-cells Turbo architecture 
clearly will yield higher per- 
formance. The Turbo array 
also offers an order of magni- 
tude higher gate density than 
GaAs arrays. 

The speed and density of the 
array family makes it suitable 
for applictaions such as super- 
computers, mainframes, mili- 
tary systems, optical data net- 


work support, and 
instrumentation. * 
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TEXAS INSTRUMENTS REPORTS ON 


SYS TEMS 
LOGIC 
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TECHNOLOGIES 


MegaChip 


Systems logic in the Era of MegaChip Technologies: 


No system should ever be limited by its 
to help your design perform at its best. 


Up to 65% of the components in today’s systems are logic. 
Such a large proportion demands that your logic devices 
perform on a par with other advanced building blocks— 
and be chosen with equal care. Systems logic 

alternatives from Texas Instruments can 

help you better realize the 

performance potential of 

your system design. 


ithin months after 
demonstrating the first 
working integrated cir- 
cuit 30 years ago, Texas Instruments in- 
troduced a commercially available logic 
function, an RS flip-flop. With that 
beginning, Tl established a tradition of 
development and innovation in logic 
that encompasses the industry-standard 
SN54/74 Series TTL and the new 
families of advanced logic described here 
that can add significantly to the value 


and performance of your overall system. mance combined with low-power opera- For systems requiring moderate den- 
For example, for systems that require tion, while TI’s new BiCMOS bus-inter- sities and fast prototype cycle times, T] 
off-the-shelf flexibility with a degree of face family delivers very high drive cur- offers a new series of one-micron CMOS 
customization, Tl’s Programmable Logic rent at very low power compared to gate arrays. When you need higher levels 
Devices (PLDs) include popular 10-ns bipolar circuits. of integration plus increased design 
PAL? ICs available in high volume. And, flexibility, TI’s one-micron CMOS stan- 
to keep pace with today’s high-speed ; ; dard cells provide the means for system 
microprocessors, Tl plans to deninbe to TY’s MegaChip Technologies | sonbolichint mn. 
drive PLD performance to sub-10-ns Our emphasis on high-density And for military applications, TI offers 
speeds. | memories is the catalyst for ongoing ad- a wide choice of high-reliability logic 
TI’s Advanced CMOS Logie (ACL) vances in how we design, pr rcess, and Aimetinae 
supports the design goal of high perfor- manufacture semiconductors and in On the following pages are details of 


he ww we serve Our Customers. These are 
| our MegaChip™ Technologies, and 
| they are the means by which we can 
ON THE COVER: Ouspe nded above the help you and your company get to 
board, provided by Rockwell International, HAL Abbie eoichs | eal d f 
Missile Systems Division, are military versions market faster with better products. 


what you can expect from TI's range of 
logic options: 


of TI advanced logic devices. 


Contributing significantly to fast address 
decoding in speed-critical paths of the 

COMPAQ DESKPRO 386/20™ personal computer 
processor board are two TIBPAL1I6L8-10 PAL circuits 


from TI (pictured above a segment of the board). 


peed your system to 
market with TI’s superfast 
PLDs. 


PLDs are a functional alternative to 
standard logic ICs and gate arrays or 
standard cells. 

Because TI’s PLDs are off-the-shelf 
items you program yourself, you avoid 
the longer design cycle times of custom 
ICs and move on to market faster. These 
PLDs offer very attractive performance 
advantages. Consider these: 
¢ TIBPAL16XX-10 PAL ICs from TI 

deliver a 10-ns propagation delay and 

are available in quantity. Clock-to-Q 
time is 8 ns, and output-registered 
toggle frequency is 62.5 MHz. 

IMPACT-X™ technology gives these 

PAL ICs their superior speed; they are 

well suited for use with high-speed 

processors such as the Motorola 68030, 

the Intel 80386, and RISC-based ar- 

chitectures. The 10-ns performance 
brings a higher level of integration to 
speed-critical paths. 


¢ TI’s TIEPAL1OH16P8-6 IMPACT™ 


ECL PAL circuit delivers even faster 
operation: 6-ns propagation delay max. 
You can now streamline-conventional 
ECL designs by consolidating several 
discrete components into a single cus- 
tom function. 

¢ TI’s new 7-ns Programmable Address 
Decoder is intended to help you 
squeeze more performance out of 
memory interface systems. By perform- 
ing address decoding much faster than 
conventional PAL architectures—in 
7 ns—the TIBPAD16N8-7 allows you 


to take advantage of the new processors 


FUTURE SUB-10-NS PAL IC 


TIBPALI6XX-10 
x 


bo) & a 
e —~TIBPALI6XX-15 


lee max 


TIBPALI6XX-12 
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TI’s PAL IC road map shows consistent power 


and consistently higher speeds, with even faster 
versions on the way. 


Tum page for more information 


to increase overall system performance. 

¢ Tl’s 50-MHz Programmable State 
Machines (PSMs), TIB825S105B (16 
x 48 x 8) and’167B (14 x 48 x 6), are 
ideal for use in high-performance com- 
puting, memory interface, telecom- 
munications, and graphics. These 
PSMs may be used to implement cus- 
tom sequential logic designs such as 
peripheral I/O controllers and video- 
blanking controllers. 

* The TIBPAL22VP10-20, with a 
20-ns delay, is 20% faster than the 
competition’s “A” version and much 
more flexible. A programmable output 
macrocell allows two extra, exclusive 
output configurations, for a total of six. 

¢ TI’s TICPAL16XX Series 20-pin 
CMOS PAL ICs are the cure for 
power problems. They operate at vir- 
tually zero standby power and are reli- 
able, high-performance replacements 
for conventional TTL and HCMOS 
logic. The devices can be erased and 


reprogrammed repeatedly. 


et high speed, low 
power, and low noise with 


TI’s broad ACL family. 


It’s an extensive family that includes 
gates, flip-flops, latches, registers, drivers, 
and transceivers. It’s a readily available 
family in DIP and SOIC packages. [t's 
TI’s high-performance EPIC™ ACL 
family, bringing with it an important 
bonus—major reductions in noise. 
Family speed is comparable to ad- 
vanced bipolar 54/74F; 24 mA of 


When every nanosecond counts, Tl’s new 
high-performance ACL family can help you 
significantly improve system speed. 


sink/source current will drive 50-ohm 
transmission lines; and low power is 
characteristic of TI’s EPIC technology. 
All this with “ground bounce” substan- 
tially reduced compared with end-pin 
ACL. The reasons are innovative pack- 
aging and a circuit-design technique 
called OEC™ (Output Edge Control) 
which softens the transition states that 
cause simultaneous switching noise. In 
fact, EPIC ACL noise levels are typically 
10% less than those of bipolar devices. 

The rapidly increasing customer accep- 
tance of TI’s ACL family confirms its 
noise-reduction advantages and its ease 
of use. 


System design advantages 
A unique “flow-through architecture” 
simplifies board design, layout, and 
troubleshooting. Inputs surround power 
pins on one side, outputs on the other, 
and control pins are strategically located 
at the package ends. 

From a systems perspective, TT’s 
arrangement offers the lowest-cost design 
when compared to end-pin ACL. 


Because in circumventing noise 
problems, end-pin designs can require 
additional components that take up to 
32% more board area and slow system 
performance. 

There are 146 functions, in both AC 
and ACT versions, currently announced 
in TI’s ACL family, including such inno- 
vative, highly complex functions as ad- 
vanced transceivers, line drivers, latches, 
feedback registers, multiplexers, and 
counters. 

This ACL family, developed in 
cooperation with and supported by 
Philips/Signetics, fully meets JEDEC in- 
dustry-standard No. 20 specifications for 
Advanced CMOS Logic. 


ut power, not 


: speed c or drive, with TI’s 
BiCMOS bus-interface ICs. 


This new family is a simple, effective 
means to reduce system power consump- — 
tion without compromising advanced 
performance. 
ue the BICMOS name implies, TI 
combines bipolar IMPACT and CMOS 
processing to achieve switching speeds 
comparable to advanced bipolar products 
and provide the 48/64-mA drive current 
_needed for high-capacitive loads and 
backplanes. In particular, family mem- 
bers meet the drive requirements of 


| AeENCS 


interface devices (suspe! OV a 
helped new Multibus sins ‘Sepaues computer theese 


achieve piaaetinnl Vietiie 


industry-standard buses such as _ 
Multibus® and VMEbus™ 

In addition, TI’s BICMOS devices can 
reduce disabled currents by 95% and _ 
active currents by 50%-80% compared 
to bipolar equivalents. Result: System 


IC power savings can be more than 25%. — 
There are more than 60 functions com-- 


prising TI's BiCMOS bus-interface fami- 
ly. Included are 8-, 9-, and 10-bit latches, 
buffers, drivers, and transceivers—a 
choice that means you can easily find 
what you need to implement high- 
performance bus-interface designs. 


ductions. 


SYSTEM BUS | 


chieve higher 
integration more confidently 
with TI’s new one-micron 


ASIC family. 


Now, you can integrate more of your sys- 
tems logic using TI’s new one-micron 
CMOS ASIC (application-specific in- 
tegrated circuit) family—the TGC100 
Series gate arrays and the TSC500 Series 
standard cells. Each offers different 
degrees of design flexibility and system in- 
tegration. The result is significantly 
reduced component count which cuts 
board size and system cost while improv- 
ing reliability and performance. 

And T1 is supporting the family with 
comprehensive kits that help minimize 
design cost, risk, and time by providing a 
comfortable, easy-to-use design environ- 
ment. 


Efficient logic consolidation 
Using TI's new TGC100 Series gate ar- 
rays, you can sweep major chunks of “glue 


logic” into a 
single device 
while realizing fast 

design and prototype 

cycle times. Array densities currently 
range to more than 8K usable gates and 
142 bond pads; the Series will be ex- 
tended to more than 16K usable gates 
and 216 bond pads in a major production 
release planned for late 1988. Prototype 
delivery is typically two to three weeks 
from approval of postlayout simulation 
results. 

The TGC100 Series Design Kit gives 
you complete autonomy and control 
over the design process. It is a com- 
prehensive set of the tools required for 
successful gate-array design and valida- 
tion (see last page for details). 

Standard packages for the TGC100 
Series range from 28-pin DIPs to 84-pin 
PLCCs, with optional packages up to 
144 pins. 


System consolidation on a chip 
For applications requiring maximum 
design flexibility and higher levels of in- 
tegration, TI has disclosed its third- 
generation standard-cell family, the 
TSC500 Series. 

Complex system designs can be imple- 
mented using a growing core of basic 
SSI/MSI functions, as well as scan cells 
for testability and MegaModule™ build- 
ing blocks such as register files. FIFOs, 
bit-slice family functions, RAM, and 
ROM are other aids to implementation. 
Output cells with drive capability up to 
64 mA are available. 

Package options include conventional 
through-hole DIPs, surface-mount 
PLCCs, and plastic quad flatpacks 
(QFPs) in both JEDEC and EIAJ stan- 
dards, as well as high-pin-count plastic 
pin-grid arrays. 

Both the TGC100 and TSC500 Series 
have a typical propagation gate delay of 


logic. TI offers advanced logic families 


Major logic consolidation, the equivalent of 
252 MSI and LSI devices, was possible using the 


seven TI. 


480 ps for a two-input NAND gate with 
a fanout of three; flip-flop toggle rates 
range up to 208 MHz. Both series offer 
output and bidirectional buffers with 
variable slew-rate control. And both 
series are fabricated in TI’s high-perfor- 
mance EPIC process. 


pply TT’s advanced 
logic to improve the perfor- 
mance of military systems. 


Among TT's broad selection of logic 
devices produced to military requirements 
isa large PAL family. Propagation delays 
as fast as 15 ns are available over the 
military temperature range. The introduc- 


func 


tion of a 12-ns, 20-pin PAL circuit is 
planned, as well as military versions of the 
TIB825S105B and ’167B Programmable 
State Machines. 

T1 is offering military counterparts 
selected from its ACL family, as well 
as 54F functions. Soon to come will 
be the BiCMOS family of bus-interface 
functions. 

Included among TT’s lineup of military 
ASICs are versions of the one-micron 
TGC100 Series gate arrays discussed at 
left, as well as two-micron standard cells. 

TI's logic devices are among the more 
than 800 military functions offered com- 
pliant to MIL-STD-883C, Class B. Of 
this total, TI provides more than 200 to 
DESC-standard military drawings and is 
qualified to supply 285 JM38510 Class B 
devices (QPL 75). 


INVENTION OF 
INTEGRATED 
CHRO Wd 


| Milestones in Innovation 
TI's tradition for milestone innovations 
extends from the infancy of semiconductor 
technology into the MegaChip Era. 
| Among the major highlights: 
| ¢ First commercial silicon transistor (1954) 
¢ First commercially produced transistor 
radio (1954) 
¢ First integrated circuit (1958) 
* First integrated-circuit computer (1961) 
¢ First-hand-held calculator (1967) 
e First single-chip microprocessor (1970) 
© First single-chip microcomputer (1970) 
¢ First single-chip speech synthesizer (1978) 
¢ First advanced single-chip digital signal 
processor (1982) 
ie First video RAM (1984) 
| © First fully integrated trench memory cell 
| (1985) 
| © First gallium arsenide (GaAs) LSI on 
silicon substrate (1986) 
¢ First single-chip Artificial Intelligence 
microprocessor (1987) 


Tien page for more information. 


Comprehensive support from TT helps 
you improve your design performance 
as you improve system performance. 


To enable you to excel in designing the 
logic portion of your system for maximum 
performance, TI has compiled or is 
making available a wide range of design 
tools and aids: 

PLDs: The TI PLD data book (472 
pages) contains design and specification 
data for 78 device types. Four application 
notes are incorporated as a reference 
tool. A qualification book is available, 
and a state-machine design kit is 
forthcoming. 

ACL and BiCMOS Bus Interface: 
TI’s ACL data book (348 pages) con- 
tains detailed specifications and applica- 
tions information on the members of the 
one-micron ACL family. The ACL 
designer's handbook (299 pages) spells 
out the technical issues confronting 
advanced-logic design engineers and 
describes methods for handling the is- 
sues. A qualification book (358 pages) 
features extensive reliability and charac- 
terization data, die photos, and applica- 
tion derating factors. Customer evalua- Extensive design support available for TI’s systems logic families includes that for the new TC iC100 

‘ a ih be : arp. Series gate arrays (at top), Programmable Logic Devices (at left), and Advanced CMOS Logic. 
tion capability is enhanced by TI's ee 2 = ee = << 
system evaluation board (available for 


Design Library 


demonstration through T] field sales macro library for Daisy or Mentor en- ing with the TGC100 Series; a two- 
offices) and third-party characterization gineering workstations containing the volume data manual providing detailed 
boards. graphic symbol and functional and specifications for each macro in the 

Data sheets are available on each mem- simulation models for each macro; a TGC100 Series software library; and a 
ber of TI’s BKCMOS bus- interface family. software library of Tl-specific software software user’s manual. 

ASICs: The TGC100 Series Design tools that streamline and simplify the An equally comprehensive design kit 
Kit gives you the tools needed to success- design process; a design manual that for the TSC500 Series is currently in 
fully complete a gate-array design: A answers “how to” questions about design- development. 


For more information on TI’s ad- 


Texas I 1 F | vanced systems logic ICs and their sup- 
exas Instruments Incorporate SDVP83VD89 PC port tools, complete and return the 


PO. Box 809066 we coupon today. Or write: 
Dallas , Texas 75380-9066 Texas Instruments Incorporated 


P.O. Box 809066 


Yes, please send me the following: Dallas, Texas 75380-9066 


RYO 1 ASIC Information Packet | ease ae 
DZ? 1 Programmable Logic Device Data Book | ts SR ee Ge 
CAQ1 ACL/BiCMOS Information Packet (Enhanced Performance Implanted CMOS), OEC, 
CBO 1 BiCMOS Data Sheet Packet MegaModule, and microExplorer are trademarks of 
| Texas Instruments Incorporated. COMPAQ 
DESKPRO 386/20 is a trademark of Compaq 
: = = | Computer Corporation. VMEbus is a trademark of 
NAME Motorola, Inc. 
® PAL isa registered trademark of Monolithic 
— zs . = | Memories Inc. Multibus is a registered trademark of 
TITLE Intel Corporation. Macintosh II is a registered 
| trademark of Apple Computer, Inc. 
7 ; aa ia a aa = © 1988 TI SDVRQ75 98-8055 
COMPANY RD 7 08-805 
2 sae aine ee | . 
ADDRESS | 
ar TEXAS 
AREACODE TELEPHONE ———~—SCOEXT: eg a INSTRUMENTS 


CUSTOM/SEMICUSTOM IC VENDORS 


This short form directory lists vendors offering custom and semicustom gate array and cell-based ICs in a variety of fabrication 
technologies. If a vendor offers a particular technology, there will be a two number entry under this category. For example, if 240/14k 
is listed under “CMOS(SI-GATE, ME-GATE)" in the Gate Array Fabrication Technologies directory, the vendor's fabrication facility can 
deliver silicon- or metal-gate CMOS arrays with flip-flop toggle rates up to 240 MHz, and gate densities to 14,000. If 25/110 is listed 
under the “BIMOS” category for Cell Library Fabrication Technologies, the vendor can supply BiMOS chips with toggle rates to 25 MHz, 
and has 110 standard cells in this library. For more details see VLSI Systems Design's 1988 Semicustom Design Guide. 
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2000 RANDOM GATES 
COUNTER TIMER 
PARALLEL I/O CONTROLLER 


CLOCK GENERATOR 


Z80® CPU 


PACKAGE: 100 PFP, 32 MIL CENTERS* 


Now 1.5 Hard 
Megacell ASICs. 


Nobody packs as much function into a 
megacell custom circuit as Toshiba because we've 


got the broadest library of 1.54 CMOS megacells. 


We're Leader of the Packed. 


We've been successfully producing complex 
megacell customs for over four years now. And 
we've shipped millions of them. So while others 
are just beginning their megacell efforts, we stand 
alone in experience and production. 


®Z80 is a trademark of Zilog Inc. 


Our megacells are exact mask duplicates of 
our standard LSI discretes. Each megacell is tested 
to our standard data sheet specifications. New 
layout is only required for the random logic section, 
and total circuit testability is always assured. We 
offer your application the highest complexity at 
the lowest risk. 


Z80 FAMILY MEGACELLS 

Z80. PIO. SIO. CTC. DMA. We have them 
all. And you can mix and match components 
with random logic to create integrated solutions 
for your most complex applications. Like the 
solutions we've already provided for modems, 
printers, hand terminals and industrial controls. 
‘To name just a few. 


AREA SALES OFFICES: CENTRAL AREA, Toshiba America, Inc., (312) 945-1500; EASTERN AREA, Toshiba America, Inc., (617) 272-4352; NORTHWESTERN AREA, Toshiba America, Inc., na 737-9844, (503) 629-0818; 


SOUTHWESTERN REGION, Toshiba America, Inc., (714) 455-2000; SOUTH CENTRAL REGION, Toshiba America, ere 480-0470; SOUTHEASTERN REGION, Toshiba America, Inc., (404) 
OFFICE, Fishkill, New York, Toshiba America, Inc., (914) 896-6500; BOCA RATON, FLORIDA, Toshiba America, Inc., (3 
ARIZONA, Summit Sales, (602) 998-4850; ARKANSAS, MIL-REP Associates, a 346-6331; CALIFORNIA (Northern) Elrepco, Inc., (415) 962-0660; CALIFORNIA (L.A. & Orange County) Bager Electronics, Inc., (81 


714) 957-3367, (San Diego County) Eagle Technical Sales, (619) 743-6550; COL 


68-0203; MAJOR ACCOUNT 
5) 394-3004. REPRESENTATIVE OFFICES: ALABAMA, Montgomery Marketing, Inc., oe Ti2-001T, 
12-0011, 


RADO, Straube Associates Mountain States, Inc., (303) 426-0890; CONNECTICUT, Datcom, Inc., oad, 288-7005; FLORIDA, Sales Engineering Concepts, 
813) 823-6221, (305) 426-4601, (305) 682-4800; GEORGIA, Montgomery Marketing, Inc., (404) 447-6124; IDAHO, Components West, (509) 922-2412; ILLINOIS, 

314) 966-4977; INDIANA, Leslie M. DeVoe Company, (317) 842-3245; IOWA, Carlson Electronics, (319 
LOUISIANA, MIL-REP Associates, (713) 444-2557; MAINE, Datcom, Inc., (617) 891-4600; MASSACHUS 


arlson Electronic Sales, (312) 956-8240, R.W. Kunz, 


377-6341; KANSAS, D.L.E. Electronics, (316) 744-1229: KENTUCKY, Leslie M. DeVoe Company, or 842-3245; 
TTS, Datcom, Inc., (617) 891-4600; MICHIGAN, Action Components Sales, (313) 349-3940; MIN 


ESOTA, Electric 


Component Sales, (612) 933-2594; MISSISSIPPI, Montgomery Marketing, Inc., (205) 830-0498; MISSOURI, D.L.E. Electronics, (316) 744-1229, R.W. Kunz, (314) 966-4977; MONTANA, Components West, (206) 885-5880; 


The Packed. 


1800 RANDOM GATES 
BUS CONTROLLER 


Ht 


DISK CONTROLLER 
DMA CONTROLLER 
CLOCK GENERATOR 


—— 
= 
—— 
— 
| 
— 
— 
— 
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INTERVAL TIMER 
INTERRUPT CONTROLLER 


iit 


PACKAGE: 144 PFP, 25 MIL CENTERS* 


*Die shown larger than actual size. 


82Cxx PERIPHERAL MEGACELLS one Toshiba Megacell ASIC. And take over as 
We can supply all the necessary peripherals leader of your pack. For complete details contact 
you need for PC and compatible environments. Toshiba today. Call your Custom IC Product 
To communicate. To control disks. To access Manager at (714) 832-6300 or a Toshiba Regional 
memory. lo drive buses. To manage interrupts. Sales Office: NORTHWESTERN: San Jose, 
They’ all in our library. CA (408) 244-4070. SOUTHWESTERN: 
SPECLAL PURPOSE MEGACELLS Newport Beach, CA (714) 259-0368. NORTH 


CRT controllers. LCD drivers. UARTs and CENTRAL: Chicago, IL (312) 945-1500. 
analog circuits. And RAM and ROM. Our SOUTH CENTRAL: Dallas, TX (214) 


special purpose megacells offer these kinds of 480-0470. NORTHEASTERN: 


solutions for your special needs. Solutions not Burlington, MA (617) 272-4352. 
- SOUTHEASTERN: Atlanta, 
available in other ASIC offerings. A (404) 368-0203. 


GET A PACKAGE OF INFORMATION ‘ 
Stop fighting the battle of packing more onto Toshiba. Leader Of The Packed. 


a PC board. Integrate the entire board into TOSHIBA AMERICA, INC. 


NEVADA, Elrepco, Inc., hae) 962-0660; NEBRASKA, D.L.E. Electronics, (316) 744-1229; NEW ENGLAND, Datcom, Inc., (617) 891-4600; NEW HAMPSHIRE, Datcom, Inc., (617) 891-4600; NEW JERSEY, Nexus-Technology, 
201) 947-0151; NEW MEXICO, Summit Sales, (602) 998-4850; NEW YORK, Nexus Technology, (201) 947-0151; Pi-tronics, (315) 455-7346; NORTH CAROLINA/SOUTH CAROLINA, Montgomery Marketing, Inc., (919) 467-6319: 

ORTH DAKOTA/SOUTH DAKOTA, Electric Component Sales, (612) 933-2594: OHIO, Steffen & Associates, (216) 461-8333; (419) 884-2313, (513) 293-3145; OKLAHOMA, MIL-REP Associates, (214) 644-6731: OREGON, 
Components West, (503) 684-1671; PENNSYLVANIA, Nexus Technology, (215) 675-9600, Steffen & Associates, (412) 276-7366; RHODE ISLAND, Datcom, Inc., (617) 891-4600; TENNESSEE, Montgomery Marketing, Inc., 
(205) 830-0498; TEXAS, MIL-REP Associates, (512) 346-6331, (713) 444-2557, (214) 644-6731: UTAH, Straube Associates Mountain States, Inc., (801) 263-2640; VERMONT, Datcom, Inc., (617) 891-4600; WEST VIRGINIA, 
Steffen & Associates, (419) 884-2313; WASHINGTON, Components West, (206) 885-5880, (509) 922-2412: WISCONSIN, Carison Electronics, (414) 476-2790, Electric Component Sales, (612) 933-2594; WYOMING, Straube 
Associates me States, Inc., (303) 426-0890; CANADA, BRITISH COLUMBIA, Components West, (206) 885-5880; ONTARIO, Electro Source, Inc., (416) 675-4490, (613) 592-3214: QUEBEC, Electro Source, Inc., 


(514) 630-7486. MAS-88-001 
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Were eliminating 
the competition 
with something 

everyone else seems 
to have forgotten 
you need... 


... the maximum performai 


Plessey - Unsurpassed 
Process Technology 


As system design becomes more and 
more challenging, and product life 
cycles become increasingly shorter, 
design flexibility and getting it right the 
first time have become critical factors 
in gaining and maintaining that max- 
imum performance edge you’ve been 
looking for. 

Plessey’s investment in advanced 
process technology is unequaled in the 
industry. Successive reductions in 
feature size and continued improve- 
ment in process techniques are at the 
heart of leading-edge Plessey products. 


PLESSEY and the Plessey symbol are trademarks of the Plessey Com- 
pany, PLC. 


Plessey - The Ultimate in 
ASIC Technology 


Our broad range of ASIC products 
has grown to the point where we are 
now able to meet all the needs of ASIC 
users. We offer a full ASIC product 
range with a variety of options for 
digital, analog and mixed analog/digital 
applications, in gate arrays, standard 
cells, and full-custom. Advanced, state- 
of-the-art processes in fine geometry, 
high-density CMOS, bipolar and ECL 
technologies give you the highest levels 
of performance and system integration 
available today. 


Plessey - Unparalleled 
CAD Support 


The Plessey Design System (PDS) is a 
comprehensive suite of software em- 


bracing the design, simulation and im- 
plementation of gate arrays, standard 
cell and compiled ASICs in CMOS and 
bipolar technologies. 

Customers who want to use their 
own CAD workstations or simulators 
are accommodated by flexible design in- 
terfaces at various stages into PDS. 


Plessey - Standard Products 
And Discrete Components 


Plessey’s standard product family of- 
fers the highest performance product 
range available in the world today. 
Capabilities range from CMOS DSP 
devices operating in excess of 20MHz to 
the world’s most advanced 1.3GHz 
monolithic log amplifier. 

High performance solutions are also 
offered in radio communications, digital 


ce that gives you the edge. 
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BIPOLAR 


Ft 


Ry 


DESCRIPTION 


EMITTER 
WIDTH 
Industry standard 400MHz 14um 
High voltage 400MHz 20um 
High speed linear 4.5GHz 4um 
High speed digital 6GHz 3um 
Ultra-high speed 14GHz 0.6um 


onn —- — 


MOS 


PROCESS FAMILY {CLOCK MINIMUM VSUPPLY 
FEATURE 
KC Industry standard CMOS 20MHz 4um 3-10V 
JG Double SiGate NMOS 10MHz 6um 9-18V 
VB High speed CMOS 40MHz 2um 3-5V 
VJ Very fast CMOS 50MHz 1.5m 3-5V 
VQ Ultra fast CMOS 75MHz 1.2um 3-5V 
MH/MA SiGate CMOS 30MHz 4um 3-15V 


BIPOLAR (CDI) 


EMITTER 

PROCESS WIDTH/ GRID MAX. MAX. MIN. 

FEATURE SIZE PITCH SPEED POWER POWER 
ORIGINAL CDI 5um 
CDI FAB | 3.75um 11.5um 10ns 2.4pJ  1.5pJ 
CDI FAB Ila 2.5um 8um 4ns 1.2pJ 0.8 pJ 
Geometry change (utilizing multi-level differential logic-DML) 
CDI FAB IIb 2.5um 8um 800ps 0.8pJ 0.54pJ 
CDI FAB Ill 1.5um 6um 400ps 0.4pJ 0.27pJ 
CDI FAB IV 1.2um 4.5um 200ps 0.2pJ 0.14pJ 


frequency synthesis, data conversion, ed research facility in the world, For further information you can write 
telecommunications, data communica- Plessey Semiconductors is, today, a to us at one of the following addresses: 
tions and consumer products. totally commited leader in the industry. 

Complementing the standard IC Plessey Semiconductors 


1500 Green Hills Road 
Scotts Valley, CA 95066 
U.S.A. 


family, Plessey manufactures a com- 
plete line of discrete components in- 
cluding FETs, transistors and diodes 
available in SOT-23 and TO-92 


To learn more 
on how Plessey can 


help you achieve Pe S007 
the maximum per- / EC HH 


packages. 1S 008 aysy, OGY Plessey Semiconductors Ltd. 
es =. Cheney Manor, Swindon 

Plessey - Over Two Decades edge, send for : beer : eds 

Of Quality Commitment our new comp- n g 


For more than 20 years, Plessey rehensive, full 
color, 72-page 


Semiconductors has been commited to 
short form 


supplying the latest technology, highest 5 
quality, a highest performance brochure, a S PLESSEY 
semiconductor products in the in- or call Plessey 

dustry. With our unique combination Semiconductors today. Mano 

of CAD support, major advances in pro- In North America call 1-800-441-5665. : 


cess technology, and the most advanc- Outside North America call 44-793-726666. 
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FABRICATION TECHNOLOGIES VENDOR CONTACTS 


ABB HAFO INC. 

11501 Rancho Bernardo Rd. 
Suite 200 

San Diego, Calif, 92127 
Kay Baird 

Marketing Administrator 
(619) 485-8200 


ACTEL CORP. 

955 E. Arques Ave. 
Sunnyvale, Calif. 94086 
Jim Horton 

Senior Marketing Engineer 
(408) 739-1010 


ADAMS RUSSELL 
SEMICONDUCTOR CENTER 
80 Cambridge St. 
Burlington, Mass. 01803 
David Strand 

Marketing Administrator 
(617) 273-5830 


ADVANCED MICRO 
DEVICES INC. 

5900 E. Ben White Blvd. 
M/S 538 ; 
Austin, Tex, 78741 
Bruce Smith 

Product Marketing 
Manager 

(512) 462-5667 


APPLIED MICRO 
CIRCUITS CORP. 

6195 Lusk Blud. 

San Diego. Calif. 92121 
Allyn Pon 

Product Marketing 
Manager 

(619) 450-9333 


AT&T TECHNOLOGIES INC. 
555 Union Blvd. 
Allentown, Pa. 18103 
(800) 372-2447 


BARVON BICMOS 
TECHNOLOGY INC. 

1992 Tarob Ct. 

Milpitas. Calif. 95035 
Ron Morosco 

Vice President, Marketing 
and Sales 

(408) 262-8368 


CALIFORNIA MICRO 
DEVICES CORP. 

ASIC Division 

2000 W. 14th St. 

Tempe, Ariz, 85281 

Matt TownsendMarketing 
Manager 

(602) 921-4541 


CHERRY SEMICONDUCTOR 
CORP. 


2000 §. County Trail 

East Greenwich, R.A. 02818 
Bob Maigret 

Semicustom Manager 
(401) 885-3600 


COMMODORE 
SEMICONDUCTOR 

950 Rittenhouse Rd. 
Norristown, Pa, 19403 
Ben Rappaport 

Manager of New Product 
Technology 

(215) 666-2585 


CONTROL DATA CORP. 
8100. 34th Ave. South 
Minneapolis, Minn, 55440 
Robert L. Biggs 
Marketing Manager 
(612) 853-3117 


CUSTOM ARRAYS CORP. 
525 Del Rey Ave. 
Sunnyvale, Calif. 94086 
George N. Krautner 
Executive Vice President 
(408) 749-1166 


CUSTOM SILICON INC. 
600 Suffolk St. 
Lowell, Mass..01854 
David W. Guinther 
Vice President 
(508) 454-4600 


DATA LINEAR CORP. 
491 Fairview Way 
Milpitas, Calif. 95035 
Valentino Liva 

ASIC Marketing and 
Applications 

(408) 945-9080 
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20301 Century Bled. 
MIS A-23 

Germantown. Md. 20874 
Steve Becraft 
Department Manager 
(301) 428-6660 


ELECTRONIC TECHNOLOGY 
CORP. 


ISU Research Park 

525 East Second St. 

Ames, la: 50010 

Doug Birlingmair 
Applications Engineer, 
ASICs 

Lowell Simplot 

Produce Manager, Replace- 
ment ICs 

(515) 233-6360 


EXAR CORP. 

2222 Qume Dr. 

San Jose, Calif. 95131 
Shyam Dujari 

Advanced CMOS Custom 
Products Manager 

(408) 434-6400 


FORD MICROELECTRONICS INC. 
10340 State Highway 83 North 
Colorado Springs, Colo. 80918 
Charlotte Diener 

Marketing Manager 

(719) 528-7660 

(800) 777-FORD 


— MICROELECTRONICS 


3545 North First St. 
San Jose, Calif. 95134 
(408) 922-9000 


GAIN ELECTRONICS CORP. 
22 Chubb Way 
Somerville, NJ, 08876 
Charles Lee 

Vice President of 
Engineering 

(201) 526-7111 


GE MICROELECTRONICS 
CENTER 


One Micron Dr. 
P.O. Box 13049 
RTP, N.C. 27709 
D.J. Blackley 


_ Manager, Program 


Acquisition 
(919) 549-3100 


GENESIS MICROCHIP INC. 
2900 Jobn St. 

Markham, Ontario 
Canada L3R 5G3 

Bill White 

Vice President, Sales 
(416) 470-2742 


GENNUM CORP. 

P.O. Box 489, Station A 
Burlington, Ontario 
Canada L7R 33 

Paula Reiland 

Sales Coordinator 

(416) 632-2996 

(800) 263-9353 


GE SOLID STATE 

724 Route 202 

P.O. Box 591 

Somerville, NJ, 08876 
Phyllis Orlando 

Marketing Communications 
(201) 685-6585 


GIGABIT LOGIC INC. 

1908 Oak Terrace Lane 
Newbury Park, Calif. 91320 
Anthony Conoscenti 

Product Marketing Engineer 
(805) 499-06 10 

(800) GAAS ICS (outside CA) 


GOULD INC. 

Semiconductor Division 

2300 Buckskin Rd. 

Pocatello, Ida. 83201 

Jerry Homstad 

Vice President, Engineering 
(208) 233-4690 


HARRIS SEMICONDUCTOR 
P.O. Box 883 

Melbourne, Fla, 32901 

John Reeser 

Manager, Business Develop- 
ment 


(407) 729-3390 


HITACHI AMERICA LTD. 
2210 O'Toole Ave. 
San Jose, Calif. 95131 


Mo Ibrahim 
Product Manager, ASICs 
(408) 435-2062 


sy INTEGRATED CIRCUITS 


9351 Jeronimo Rd. 
Irvine. Calif. 92718 
Roger Smith 

Sales Manager 
(714) 859-8800 


HONEYWELL INC. 

Digttal Technologies 

1150 E. Cheyenne Mountain 
Bled. 

Colorado Springs, Cola. 

80906 

Lucien DeBacker 

Director of Military Products 
(719) 540-3820 


HUGHES AIRCRAFT CO. 
Hughes Microelectrontes 

Center 

500 Superior Ave. 

Newport Beach, Calif. 92658 
Mike Friedman 
Applications Manager 
(714) 759-2727 


IC} ARRAY TECHNOLOGY INC. 
1297 Parkmoor Ave. 

San Jose, Calif. 95126 
Frank Stempski 

Marketing Manager 

(408) 297-3333 


INTEGRATED CIRCUIT 
SYSTEMS INC. 

2626 Van Buren Are. 
P.O. Box 968 

Valley Forge, Pa. 19482 
Faye Jeffries-Cirino 


Sales/Marketing Coordinator 
(215) 666-1900 


INTEGRATED CMOS SYSTEMS 
440 Oakmead Pkway. 
Sunnyvale, Calif, 94086 

Mike Newman 

Technical Marketing Manager 
(408) 735-1550 


INTEGRATED LOGIC 
SYSTEMS INC. 

4445 Northpark Dr. 
Calorado Springs, Cola. 
80907 

Mark Jander 
Applications Engineer 
(719) 590-1588 


INTEL CORP. 

6501 West Chandler Blvd. 
Chandler, Ariz. 85226 
Susan Petrizzo 

Director of Marketing 
(602) 961-2801 


INTERNATIONAL 
MICROCIRCUITS INC. 

3350 Scott Blud., Bldg. #36 
Santa Clara, Calif. 95054 
Nasser Abdollahi 

Product Marketing 

(408) 727-2280 


INTERNATIONAL 
MICROELECTRONIC 
PRODUCTS INC. 

2830. N. First St. 

San Jose, Calif. 95134 
Thomas Flageollet 
Marketing Manager 
(408) 434-1362 


LSI LOGIC CORP. 

155) McCarthy Blod. 

MIS D102 

Milpitas, Calif. 95035 
Susan Josephson 

Marketing Communications 
(408) 433-8000 


er ELECTRONIC DEVICES 


45 Davids Dr. 

Hauppauge, N.Y. 11788 
Dale R. Wilson 

Vice President of Sales and 
Marketing 

(516) 231-7710 


MATRA DESIGN 
SEMICONDUCTOR 

2840-100 San Tomas 

Expwy. 

Santa Clara, Calif. 95051 
Pradip Madan 

Vice President of Marketing 
and Sales 


(408) 986-9000 
MCE SEMICONDUCTOR 
INC 


1111 Fairfield Dr. 
West Palm Beach, Fla. 
33407 

Richard McCargar 
Vice President 

(407) 845-2837 


MICREL SEMICONDUCTOR 
560 Oakmead Pkway. 
Sunnyvale, Calif. 94086 
Marvin Vander Kooi 
Director CMOS/DMOS 
(408) 245-2500 


MICRO LINEAR CORP. 
2092 Concourse Dr. 
San Jose, Calif, 95131 
Stephen Soro 

Product Marketing 
Manager 

(408) 433-5200 


MICRO LSI CORP. 

2065 Martin Ave. 

Suite 101 

Santa Clara, Calif. 95050 
Dusty Duistermars 

Chief Engineer 

(408) 727-7987 


MICRO-REL 

2343 W. 10th Pl. 
Tempe, Ariz. 85281 
Dave Rigg 

National Sales Manager 
(602) 968-6411 


MIETEC 

Westerring 15 

9700 Oudenaarde 

Belgium 

J.Y. Peigne 
Communications Director 
Phone: 055-33-22-11 


MITSUBISHI 

ELECTRONICS AMERICA INC. 
1050 BE. Arques Ave, 
Sunnyvale, Calif. 94086 
Thomas Liao 

Product Manager 

(408) 730-5900 


MOTOROLA INC. 

ASIC Division 

1300 N. Alma School Rd. 
M/S CH-780 

Chandler, Ariz. 85224 
Michael Ponzo 

Manager, Marketing 
(602) 821-4219 


NATIONAL SEMICONDUCTOR 
CORP. 


2900 Semiconductor Dr. 

Santa Clara, Calif. 95052 
Thomas Wong 

Strategic Marketing Manager 
(408) 721-5884 


NCM CORP. 

1500 Wyatt Dr. 

Santa Clara, Calif. 95054 
(408) 496-0290 


NCR MICROELECTRONICS 
CORP. 


2001 Danfteld Ct. 
Fort Collins, Calo. 80525 
Lyle Wallis 
Commercial ASICs 
Earl Reinkensmeyer 
Software Products 
(303) 226-9500 
(800) 334-5454 
Ted Lunacek 
Military ASICs 
Michael Moursi 
Automotive ASICs 
(719) 596-5795 
(800) 525-2252 


NEC ELECTRONICS INC. 

401 Ellis St. 

P.O. 7241 

Mountain View, Calif. 94039 
Grant Hulse 

Serategic Marketing Manager 
(415) 965-6333 


OKI SEMICONDUCTOR INC. 
785 North Mary Ave. 
Sunnyvale, Calif. 94086 
Clifford Vaughan 

ASIC Marketing Manager 
(408) 720-1900 


PANASONIC INDUSTRIAL CO. 


1610 McCandless Dr. 
Milpitas, Calif. 95035 
Terry Toyooka 
Resident Engineer 
(408) 946-4311 


PLESSEY SEMICONDUCTOR. 
1500 Green Hills Rd. 
Scotts Valley, Calif. 95066 
Phillip Pollok 

Director of Marketing 
(408) 438-2900 


POLYCORE ELECTRONICS 
1107 Tourmaline Dr. 
Newbury Park, Calif. 91320 
S.K. Leong 

Vice President 

(805) 499-6777 


RAYTHEON SEMICONDUCTOR 
350 Ellis St. 

Mountain View, Calif. 94039 
Jack Van Den Heuvel 
Marketing Manager for ECL 
Products 

(415) 968-9211 

(415) 966-7734 

Pete Goshgarian 

Marketing Manager for 
CMOS Products 

(415) 966-7628 


SEATTLE SILICON CORP. 
3075 112th Ave. N.E. 
Bellevue, Wash. 98004 
Dick Ahlquist 

ASIC Marketing Manager 
(206) 828-4422 


SIERRA SEMICONDUCTOR 
2075 N, Capitol Ave. 
San Jose, Calif. 95132 
Don MacLennan 
Director, Custom 
Marketing 

(408) 263-9300 


SIGNETICS CORP. / PHILIPS 
B11 E. Arques Ave. 

MIS 25 

Sunnyvale, Calif. 94086 
Don Schare 

Marketing Manager, CMOS 
Semicustom 

(408) 991-5401 


SILICONIX INC. 

2201 Laurelwood Rd. 

MIS 44 

Santa Clara, Calif. 95054 
Joe Baranowski 

IC Marketing Manager 
(800) 554-5565 x1900 


SILICON SYSTEMS INC. 
14351 Myford Rd. 
Tustin, Calif. 92680 
Peter Putnam 

Product Sales Manager 
(714) 731-7110 


SILICON WEST INC. 

5470 Anaheim Rd. 

Long Beach, Calif. 90815 
Edward Evans 

President 

(213) 494-4588 


S-MOS SYSTEMS INC. 
2460 N. First St. 

San Jose, Calif. 95131 
Joe! Silverman 
Director of Marketing 
(408) 922-0200 


STANDARD MICROSYSTEMS 
CORP. 


35 Marcus Blod. 
Hauppauge, N.Y. 11788 
Brian Cayton 

Director of Marketing 
(516) 273-3100 


TACHONICS CORP. 

107 Morgan Lane 
Plainsboro, N.J. 08536 
Michael Zyla 
Marketing Manager 
(609) 275-2504 


TEKTRONIX 

Integrated Circuits 
Operation 

P.O. Box 14928 
Portland, Ore, 97214 
Customer Inquiries 
(800) 835-9433 x100 


TEXAS INSTRUMENTS INC. 
8390 LBJ Expwy, 
P.O. Box 655303 


VLSI 


M/S 3670 

Dallas. Tex. 75265 

Jerry Koontz 

ASIC Marketing Communica- 
tions Manager 

(214) 997-2031 


TLSI INC. 

790 Park Ave. 
Huntington, N.Y, 11743 
Frank Nartowicz 
Director of Marketing 
(5 16) 549-6300 


TOSHIBA AMERICA INC. 
1220 Midas Way 
Sunnyvale, Calif. 94086 
Allan Cox 

Director of Marketing 
Semicustom Products 
MOS IC Division 
(408) 733-3223 


TRIQUINT SEMICONDUCTOR 
P.O. Box 4935, Group 700 
Beaverton, Ore, 97075 

Louis Pengue 

Product Marketing Manager 
(503) 644-3535 


UNICORN MICROELECTRONICS 
CORP. 


99 Tasman Dr. 

San Jose. Calif. 95134 
H.Y. Liu 

Sales Manager 

(408) 433-3388 


UNITED SILICON STRUCTURES 
(US2) 


1971 Concourse Dr. 
San Jose. Calif, 95131 
Steven Eliscu 

Product Marketing 
(408) 435-1366 


UNITED TECHNOLOGIES 
MICROELECTRONICS CENTER 
1575 Garden of the Gods Rd. 
Colorado Springs, Colo. 
80907 

Ronald Hehr 

Manager, Semicustom 
Products 

(719) 594-8124 


VITESSE SEMICONDUCTOR 
741 Calle Plano 
Camarillo, Calif. 93010 
Joe Welsh 

ASIC Product Marketing 
Manager 

(805) 388-3700 


VLSI TECHNOLOGY INC. 

1109 MeKay Dr. 

San Jose, Calif. 95131 

Bill Murray 

Tactical Marketing Manager 
(408) 434-3 100 


VTC INC. 

2401 E. 86th St. 
Bloomington, Minn. 55425 
John S. Monson 

ASIC Product Marketing 
Engineer 

(612) 851-5200 


oe ERSCALE INTEGRATION 


47280 Kato Rd. 
Fremont, Calif. 94538 
Rich Talburt 
Manager, CSD Design 
(415) 656-5400 


XEROX MICROELECTRONICS 
CENTER 


701 8S. Aviation Blvd. 

El Segundo, Calif. 90245 
Gary Petrov 

Manager, Regional Design 
Support Centers 

(213) 333-7701 


XILINX INC. 

2069 Hamilton Ave. 

San Jose, Calif. 95125 

Lee Farrell 

Produce Marketing Director 
(408) 559-7778 


ZYMOS CORP. 

477 N. Mathilda Ave. 
Sunnyvale, Calif. 94088 
Vic Pasini 

Tactical Marketing Director 
(408) 730-5400 
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C USTOMIZING 
IMAGE PROCESSOR 
CHIPS WITH PLDs 


BOBBY SAFFARIAND PAULT. 


DIVISION OF NORTH AMERICAN PHILTPS CORP, 


IN THE AREAS of image processing and graphics, intens- 


ive software and hardware design efforts have become neces- 


sary to satisfy increasing demands for performance. These 


demands have forced designers to use either specialized parts 


or user-designed (i.e., semicustom) ICs. Each method has 


its advantages and disadvantages. 


Specialized graphics ICs provide hardware specifically 


geared to the designer's class of application. This solution 


generally involves the use of a pro- 


grammable processor coupled | 


with surrounding chips. The de- 
signer tailors the device to his sys- 
tem requirements by writing algo- 
rithms or graphics primitives (or 
both) in software for the processor. 
A programmable processor gives 
the designer the freedom to 
change his design during the later 
stages of his design cycle. With 
this approach, however, the de- 
signer must be extremely careful 
in the selection of devices to main- 
tain a high level of throughput. 
Also, the code must be carefully 
written to guarantee the required 
performance. 

These disadvantages could be 
circumvented by using a semicus- 
tom solution. This approach, 
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however, entails an NRE charge 
and the possibility of a relatively 
long design cycle. These problems 
could be compounded if a designer 
is forced to start his design with- 
out having fully determined his 
design requirements just to avoid 
a late entry into the marketplace. 
Fortunately, another user-de- 
signed alternative—programma- 
ble logic—has achieved levels of 
density and performance sufficient 
for graphics and imaging 
functions. 

Until recently, most PLD archi- 
tecture had usable gate counts of 
under 600. They were excellent at 
consolidating random logic but 
could not implement whole func- 
tions, as gate arrays could. Smaller 
PLDs have been fast enough to 
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meet the necessary requirements 
of graphics and image processing 
systems, but too many PLDswere 
called into play, consuming both 
board space and power. Those PLDs 
that had sufficient density to inte- 
grate complete functions were 
generally too slow. 

The introduction of dense, 
high-speed PLDs finally makes pro- 
grammable logic appropriate for 
graphics and image-processing 
functions. To demonstrate the use 
of such large PLDs in graphics and 
imaging systems, a member of the 
Signetics Programmable Macro 
Logic family—the PLHS502 (see 
sidebar)—is used to implement 
two specific functions: sort pro- 
cessing and morphology process- 
ing. The second function, in fact, 
has been implemented and placed 
on a frame-buffer board. Using 
Optivision image-processing soft- 
ware from Automated Visual In- 
spection, a specimen—an image 
called a Chinese hamster—was 
used to demonstrate its operation 
(Figure 1). 


@ SORT PROCESSOR 


The first function, the sort proces- 
sor, is used primarily to search 
large databases. Sort processors are 
useful in graphics and imaging 
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Figure 1. Morphology operations, a subset of image processing, submit a video image (a above) to a structuring element that processes it according to its shape, resulting in 


new forms for the image (b below). 


when items in a database represent 
such data as color, intensity, or 
the shape of an object. Graphics 
systems display the data as images 
for the purpose of human interac- 
tion. Image processing, on the 
other hand, extracts facts about an 
object and analyzes them based on 
some type of criteria. Even though 
image processing and graphics 
sound distinct, they share many 
similarities. Both operate on pic- 
ture elements (pixels) and both use 
the same basic hardware architec- 
ture. A dedicated graphics chip, 
such as a sort processor, can there- 
fore be applied to some areas of 
image processing. 

This sort processor example 
provides the minimum and maxi- 
mum of a set of data inputs. This 
type of function is very useful for 
enhancement and analysis routines 
in image-processing systems and 
for special effects in graphics sys- 
tems. As an example of image 
enhancement, median filtering is 
a process in which scattered ran- 
dom noise throughout the image 
is removed or reduced by statisti- 
cally comparing each pixel with its 
closest neighbor. This operation 
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“cleans up” an image without 
blurring the sharp edges. The sort 
routine would be used to rank the 
pixels, then another routine could 
examine each value to see which 
ones were in the neighborhood. 
Since the values would be ordered, 
only the extremes of the set would 
have to be examined. 

Image analysis, such as edge 
detection, constitutes another 
group of image processing rou- 
tines that could benefit from dedi- 
cated sort-hardware. Edges are 
normally associated with the high 


frequency components of signals 
present in an image. In edge de- 
tection, the original image is typi- 
cally convoluted with a template 
whose coefficients suppress the 
low frequency component of the 
signal. The maximum edge mag- 
nitude generated by these oper- 
ations would be selected to indi- 
cate the presence of the best edge. 
Sort operations could examine the 
edge magnitudes generated by dif- 
ferent convolutions and select the 
maximum magnitude for that 
pixel location. 


Usine 


PROGRAMMABLE 
DEVICES 
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are boring, 


Theyre easy to design. Theyre ready on time. 
And first-time success is virtually 100%. 


You've heard all about the excitement of 
ASICs. 

They improve performance, lower costs 
and make many new designs possible. 

But, unfortunately, youve probably also 
heard about one big potential problem: while 
many ASICs pass the tests specified by the 
designer, they don’t always work in the real 
world. And that causes excitement you can do 
without. 


How to get first-time success. 


It starts with our Design Simulation Software. 
It’s been rated the best in the industry by the 
people who should know—designers who 
have used it. Within three days, you can be up 
to speed, working at any of the major worksta- 
tions in the industry, creating and revising 
your ASIC with ease. 


The standard cell advantage. 


You'll really appreciate the power of our 
standard cells, which allow you to integrate a 
whole system, including macros, memories, 
logic and peripherals, onto a single chip. 

We have cells with effective gate length as 
small as 1.5u (.9U coming soon). And double- 
level metal for higher-density chips that can 
handle higher clock speeds. 

You can choose from a wide range of 
Supercells, including the leading-edge 
RS20C51 core micro, RAMs, analog functions, 
bit-slice processors, HC/HCT logic, Advanced 
CMOS Logic, and high-voltage cells. 

If they aren’t enough, we can even generate 


Supercells to your specs. 

And were also in the forefront of silicon 
compiler technology. So we can offer you the 
ability to create designs that are heavily BUS- 
structured, with your ROMs, RAMs, PLAs and 
ALUs compiled right into the design. 

We also bring you the resources of some 
very powerful partners, thanks to our alternate- 
source agreements with VLSI on standard 
cells; WSI on macrocells and EPROMs; and a 
joint-development agreement with Siemens 
and Toshiba on the Advancell® library of 
small-geometry cells. 


Gate arrays, too. 


If gate arrays are better for your design, 
youll be able to choose from our full line up 
to 50,000 gates, with effective gate length as 
small as 1.2u and sub | ns gate delays. 

These gate arrays use “continuous gate” 
technology for up to 75% utilization. They 
are an alternate source to VLSI Technology 
arrays. 

We also alternate source the LSI Logic 5000 
series. ; 

And we have a unique capability in high-rel 
ASICs, including SOS. Our outstanding pro- 
duction facilities here in the U.S. produce 
high-quality ASICs in high volume at very low 
costs. 

It almost sounds exciting for something so 
boring, doesn’t it? 

For more information, call toll-free today 
800-443-7364, ext. 25. Or contact your local 
GE Solid State sales office or distributor. 


In Europe, call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, (276) 68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500. 
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Figure 2. The PLHS502-based sort processor uses multi-level pipelining and parallelism to implement a binary “compare and exchange” concept know as a bubble sort. 
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Figure 3. The sort cell uses a gated magnitude comparator to compare two pieces of data and a crossbar switch to 
direct the data to the appropriate outputs, based on their magnitudes. 


Sort operations also have many uses in 
graphics applications. Pixel manipula- 
tions, for example, can use the sort routine 
to find the minimum or maximum values 
for a group of pixels. Consider a yellow 
circle that could be placed on a red trian- 
gle with a blue background. These objects 
can be ordered so that some appear in the 
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front while the others appear behind. If 


two bright objects overlap each other and 
they are color coded, they could create a 
“hot spot,” or saturation point, as the 
color values are added. As a result, the 
objects become indistinguishable. A sort 
processor can select objects for the back- 
ground or foreground, thus allowing ob- 


jects to be smoothly combined. 
@ PARALLEL PIPELINES 


The PLHS5S02-based sort processor uses 
multilevel pipelining and parallelism to 
achieve a high computational throughput 
(Figure 2). It can be considered to have a 
SIMD (Single Instruction Multiple Data) 
architecture. The processor sorts any four 
serial random numbers that are shifted 
into the device from their most significant 
bits (MSB) to their least significant bits 
(LSB). By feeding results back into inputs, 
cascading this design creates a processor 
with no restrictions on the word size. 

The algorithm used for the logic imple- 
mentation of this device is based on a 
binary “compare and exchange” concept 
know as a bubble sort. The total function 
can be divided into smaller identical mod- 
ules called cells to form a systolic array. 
Four serial bits of data enter through the 
input ports A—IN, B—IN, C—IN and D— 
IN. The clock CLK—PHASE{0:2] and control 
lines CNTRL{0:3} dictate the operation of 
each cell. Sorting takes place “bit serially” 
and is pipelined at the bit level. 

Each sort cell consists of a gated magni- 


tude comparator and a cross-bar switch 
(Figure 3). Once two serial pieces of data 
enter the sort cell (through C—IN and D— 
IN), it compares them and directs the 
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Figure 4. In a typical graphics application -- image recognition and scene analysis for robotics -- the sort processor 
can be used as a high pass filter to perform edge extraction, simplifying the task of the image processor. 
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Figure 5. The morphology processor generates 9-bit neighborhood information (in block SER2D) and performs 
morphology functions in the NLU based on the structuring element help in the mask latch (MSKLATCH). A data 
selector module (DATASEL) routes the completed data to the image processor. 


larger number to the upper output chan- 
nel (high) and the smaller number to the 
lower channel (low). The CLKO input con- 
trols the timing of the sort modules. The 
supporting PLD design software called 
SNAP (see sidebar) allows a designer to 
implement these functions by either sche- 
matic entry or Boolean equations. 

The logic necessary for the main sort 
module and cross-bar switch is ideally 
implemented in the foldback gates. Since 
everything is buried, a high level of 
speed—clock speeds of up to SO MHz— 
can be obtained. To reduce the number of 
delay flip-flops required for synchronous 
operation, a multiphase clock scheme is 
used to generate the proper timing for 
sampling the data at the appropriate time 
intervals. 


@ ADDING TESTABILITY 
FEATURES 


The other inputs, such as SCAN—IN 
(Figure 2), are used for testing purposes. 
Testability features were also added that 
would bypass the normal system clock and 
provide a scan path to test the logic. The 
testing circuitry enables the sort cells, and 
can load data either in parallel or serial. A 
test clock is then used to clock the data 
out. This circuitry is shown in the figures 
but for the sake of brevity is not discussed 
in detail. 

Timing and control logic compromises 
a companion module necessary for the sort 
processor. The 502 PLD’s combination of D 
and RS flip-flops make it very easy to 
implement not only the counters but the 
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synchronization and arbitration logic. 
Since a pipelining feature is used, the 
timing generator separates the master 
clock (MSTR—CLK) into four clock signals, 
and controls whether the master clock or 
test clock (TEST—CLK) is used. 

Figure 4 shows how the sort processor 
could fit into a typical graphics applica- 
tion—image recognition and scene analy- 
sis for robotics. This application can be 
used by a robot to either sort parts by type 
or remove defective parts in an inspection 
system. The camera of the robotics system 
looks at the image of the parts. The digi- 
tized data would then normally be pro- 
cessed by the image processor to deter- 
mine the type of object. The sort processor 
can be used as a high pass filter to perform 
edge extraction, simplifying the task of 
the image processor. The sort processor 
off-loads the image processor and speeds 
up the overall response of the system. 


® MORPHOLOGY PROCESSOR 


The binary morphology processor is an- 
other custom processor useful for high- 
speed image-processing systems. This ex- 
ample of such a processor, based on the 
PLHS502, performs morphology oper- 
ations such as dilation, expansion, and 
chain coding. To understand the design, a 
brief discussion of morphology is 
appropriate. 

Mathematical morphology, or shape 
analysis, provides a method of processing 
digital images based on their sizes and 
shapes. It’s particularly suited for tackling 
problems in machine vision applications 
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Figure 6. Module SER2D accepts three video signals, two of them delayed versions of the original, that form a 3 X 3 
array of pixels called the neighborhood. The neighborhood is passed in a parallel fashion to another module as input 


for the morphology operations. 


such as parts inspection and medical im- 
age enhancement. In morphology, the ba- 
sic tool is to use elementary patterns called 
structuring elements. The structuring ele- 
ment is usually stored within the system 
as the set of coordinates of its points. 
For the purposes of explanation, we will 
focus on dyadic operations which combine 
two images into one. For two images, 
possible logical combinations include the 
union, the intersection, and the difference 
of their areas. In simpler terms, these are 
equivalent to the logical operations of OR, 
AND, and XOR. 
functions presented here are 


Results of dyadic mor- 
phology 
shown in Figure 1. 


@ DILATION AND EROSION 


The first two dyadic operations are dila- 
tion and erosion. Dilation is defined as the 
union (OR operation) of all the compari- 
sons of the area of interest by the structur- 
ing element. Erosion can be defined as the 
set of points in which the structuring 
element fits into the area of interest. In 
simpler terms, dilation can be considered 
as expansion and erosion as shrinking. 

The combination of erosion and dilation 
leads to two other functions in morphol- 
ogy called opening and closing. Opening 
is an erosion followed by dilation, while 
closing is a dilation followed by erosion. 
Opening is often referred to as a sizing 
operation. In essence it’s a filtering oper- 
ation that removes from the image those 
regions in which we cannot fit the given 
structuring element and leaves those that 
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do fit. In contrast, closing is a filtering 
operation where an enlarged image is ob- 
tained. These operations are used for fil- 
tering the undesirable portion of an image 
without impacting the overall shape of the 
object, making them highly useful in the 
field of image processing. 

Chain coding is another useful function 


in image-processing applications. An im- 


age that is represented as an array of 


picture elements (pixels) takes enormous 
amounts of storage. In robotic applica- 
tions involving image recognition, the 
system can spend large amounts of time 
moving data between main memory and 
secondary storage devices. Chain coding 
mitigates this problem by representing 
the image only by its outline. It partitions 
the image into regions and uses a single 
entry to store the location of a first entry — 
the origin. Subsequent entries are num- 
bers giving the direction between each 
point in the outline and its neighbor. 
The binary morphology processor could 
fit into the same system as the sort proces- 
sor. In Figure 4, the video camera sends a 
digitized video signal to the image proces- 
sor, where a decision is made based on the 
results. The morphology processor can be 
used to take the filtered video image from 
the sort processor, further refine the filter- 
ing with a 3 X 3 pixel array structuring 


element, and then produce a chain code of 


the image. The image processor could 


compare this representation, which ts 
much smaller than the original pixel re- 


presentation, to reach a decision about the 
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video object. The morphology processor 
that is implemented also has the ability to 
use other 3 X 3 pixel structuring ele- 
ments to perform comparisons on the vid- 
eo image. 

The hardware implementation of these 
functions can substantially improve the 
speed and performance of any system. Un- 
like standard signal processing routines, 
these functions do not require a multiplier 
or an accumulator, Instead, they are logic 
intensive and use many logic gates such as 
AND, NAND, OR, and NOT. Because of its 
many “foldback” gates, the 502 easily 
implements these functions. 


he PLHS502 (Figure A), like its predecessor, the 

PLHS501, combines buried logic with an interconnect 
array that allows complete freedom in connectivity. High- 
speed shifter circuits can be implemented in the chip's eight 
D-type and eight RS-type flip-flops that can toggle at rates up 
to 50 MHz. The PLHS502’s 64 foldback NAND gates and the 
interconnect NAND array can readily be used to implement 
logic-intensive designs. These same gates can also be used to 
create latches or flip-flops at the inputs, or they can be 
“buried” inside the inner core. The clock NAND array, which 
accepts the outputs from each flip-flop as inputs, offers a 
choice of clocking strategies. Because the circuits are all 
buried and signal paths can remain on chip, the resulting 


performance is enhanced. 
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® NEIGHBORHOOD WATCH 


The morphology processor was designed 
using a modular hierarchical approach. 
The first of the four modules in the system 
(Figure 5) generates the 9-bit neighbor- 
hood information (SER2D). Another holds 
the mask information that represents the 
structuring element in a 9-bit 
(MSKLATCH). The third is a logic unit 
(NLU) used to generate the morphology 
operations and chain codes, and the last, a 
data selector module (DATASEL), routes the 
completed data to the image processor. 


latch 


SER2D accepts three video signals, two of 


them delayed versions of the original (Fig- 
ure 6). Shifted in serially, they forma 3 X 
3 array of pixels (the “neighborhood”). 
The middle bit (SG—4) is the one of inter- 
est. The 3 X 3 pixel array then passes ina 
parallel fashion into the neighborhood 
(NLU). Both SER2D 
MSKLATCH were designed with schematic 


logic unit and 
capture, using flip-flop macro functions 
provided in the SNAP software. 

The NLU performs transformations on 
the center pixel based on the values of the 
center and its eight neighbors. The mor- 
phological operations will filter the origi- 
nal video image. A chain code is then 


Using PML is a SNAP 


To fully utilize the complexity of PML, the SNAP (Synthesis 
Netlist, Analysis and Programming) software uses a design 
flow similar to that of gate arrays. Capable of running on a 
standard PC, the software can take a designer from basic 
schematic entry to programming the finished devices. The 
software provides a choice of entry formats: standard sche- 
matic entry, Boolean equations, state equations, or any 
combination of the three. Counters for timing control are 
best implemented by schematic entry. Multiplexers or decod- 
ers are easier to implement with equations than with sche- 
matic entry. The software will combine these methods to 
create a complete system. Also, SNAP includes a logic simula- 
tor with timing analysis, faulc simulation, and an automatic: 


test pattern generator. 


Figure A. The PLHS502 combines 50-MHz D- and RS-type flip flops with an interconnect NAND array that provides 64 feedback lines for multi-level logic. 
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Figure 7. The morphology operations are easily implemented in Boolean equations. For example, EXPAND is nothing more than “ANDing” each individual pixel in the 
neighborhood with its corresponding MASK bit and combining the results with an OR operation. 


created for the purpose of comparison to 
stored images. The results are then fed to 
the central processor for decision making. 

The inputs to the NLU are the nine pixel 
bits from the video (SG{0:8}) and the nine 
bits from the masking image (MASK{0:8]). 
The data from each row of pixels from the 
digitized image are also used as inputs. 
The SHRINK and EXPAND outputs are the 
results of erosion and dilation operations, 
respectively. MATCH—STICK indicates the 
end-points of the skeleton (outline) of the 
image, and JOINT—STICK indicates where 
the images lineand the structuring ele- 
ments cross. 


® BOOLEAN EQUATION 
IMPLEMENTATION 


Because the module is logic intensive, 
it is very natural to implement this section 
from the Boolean equations (Figure 7). To 
understand why Boolean equations are 
used, one should consider the transforma- 
tion referred to as expansion (dilation). 
Since this is in essence an OR function 
between the image of interest and the 
structuring element (mask), entering 
Boolean equations can be much easier than 
drawing an array of gates. EXPAND is 
nothing more than taking each individual 
pixel in the neighborhood and “ANDing” 
it with its corresponding MASK bit. The 
results are combined together (ORed) to 
form the final transformation. The NLU 
also generates the chain code which the 
last module, DATASEL, will convert into 
the directional values between (0 and 7. 

The last module, DATASEL, is imple- 
mented using a mixture of schematic cap- 
ture and Boolean equations. Figure 8 
shows the block diagram of the module. 
The inputs, as discussed earlier, are the 
results of the chain coding and morphol- 
ogy operations. Control signals So and S| 
are used to route the appropriate result of 
the morphology section to the image pro- 
cessor. This module also uses an 8-bit 
encoder to convert the chain code into the 
necessary directional coordinates and send 
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Figure 8. The DATASEL module routes the results of the chain coding and morphology operations under the direction 
of control signals SO and $1. An 8-bit encoder converts the chain code into the necessary directional coordinates. 


them to the image processor. 

The SNAP software allows each section 
to be designed and individually tested for 
timing and logic functionality. When all 
modules are completed, the final oper- 
ation is to merge all the sections together 
to complete the final design. Now a final 
logic simulation can be performed and the 
final results can be implemented in the 
PLHSS02—which is now ready for inser- 
tion into a system. a 
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IMPLEMENTING 
EIS BOGGLES 
THE MIND 


this decade, the United States Department of Defense 


_/ (DOD) has exercised its economic clout to develop some 
standard engineering practices. For example, it set a standard for IC processing technology 
through its very-high-speed integrated circuit program (VHSIC). While in the process of 
establishing VHDL as the defacto language standard for describing electronic hardware, the DOD 


is also applying its muscle to the problem of incompatible design-automation software. The 


results of these efforts, which will create a 
candidate standard for design-automation 
integration and management, is called the 
engineering information system, or EIS. 

The EIS is a set of proposed standards for 
integrating engineering tools and manag- 
ing design data; it is not a single imple- 
mentation of a specific CAD system. The 
EIS framework consists of a set of funda- 
mental services and a series of specifica- 
tions, forming a baseline for communica- 
tion and implementation. It addresses 
incompatibilities between engineering de- 
sign tools and systems as well as the dearth 
of database management functions for en- 
gineering information. EIS aims to provide 
a framework for tool integration based on 
information sharing without compromis- 
ing proprietary tools or corporate internal 
business practices. 

The EIS is not used to design an elec- 
tronic system. Rather, it is a complimen- 
tary information management environ- 
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ment in which CAD systems can function. 
It is a database program that addresses the 
incompatibilities of engineering design 
tools by allowing them to exchange data. 
However, it does not supply specific data- 
base manipulation functions; it relies on a 
local database management system (DBMS) 
to access the database. 

The EIS may eventually be implemented 
in several different ways by many of the 
vendors of design automation programs. 
Any environment that contains all the 
pieces should be able to use any EIS-com- 
patible tool or data source. Some commer- 
cial vendors are involved in special interest 
groups to influence the standard according 
to their experience. However, EIS de- 
scribes the particular system that has its 
concepts and requirements defined in DOD 
documentation (Linn and Winner, 1986). 
It should not be used generically to de- 
scribe any system with DOD-specified 
goals. 


@ EIS HISTORY 


In 1985 and 1986, the Defense Depart- 
ment developed the EIS requirements in 
response to the growing problem of engi- 
neering information management within 
its programs. However, since the EIS con- 
cepts had considerable potential for bene- 
fiting industry and academia as well, these 
groups were invited to help in its creation. 

In July 1987, the DOD commissioned a 
three-year program to develop EIS specifi- 
cations and to build and demonstrate a 
prototype. The EIS program is managed by 
the U.S. Air Force VHSIC program office at 
Wright-Patterson Air Force Base. Hon- 
eywell Inc., the prime contractor, is lead- 
ing the development of the specifications, 
design and production of a prototype sys- 
tem, insertion of EIS technology and co- 
ordination with industry and the academic 
community. The present schedule calls for 
a definition of a specification this year, 
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reviews of the prototype design in 1989, 
and an EIS prototype demonstration 
beginning of 1990. 
@ THE EIS TEAM 
Responsibilities are divided among EIS 
team members (Table 1). The Computer 
Corp. of America ts responsible for object 
TRW will 


lead prototype acceptance testing, engi- 


management and access. Inc. 
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at the 


neering information modeling tasks and 


demonstration efforts. CAD Language Sys- 
tems Inc. will provide data exchange 
McDonnell Douglas Astronau- 


tics Co. will aid 


adapters. 


demonstration efforts and 
assist in EIS 


‘nsertion. Finally, Arizona 


State University will provide workshop 
and training facilities and will be available 
to house the active prototype demonstra- 


tion system. 


en 


N\ 


—— 
== 


eS 
——— 


‘ANN 
\ 


1 


tail 


To encourage cooperation with industry 
and academia, the EIS program hosted the 


first workshops at Arizona State Universi- 
ty for more than 90. representatives of 


industry, government and academia. Five 


special interest groups were formed to 
provide input and review for following 
topics: the engineering information mod- 
el, the object 


management system P the 


user interface system, adapters, and real- 
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TABLE 1. EIS PARTICIPANTS 


CONTRACTORS 


Honeywell Inc. 


Prime contractor, leads the development of specifications, design and development of a 
prototype system, insertion of EIS technology and coordination with industry and 


academia. 


Computer Corp. of America 


Has responsibility for object management and access. 


TRW Electronic Components Group 


Leads prototype acceptance testing, engineering information modeling tasks, and demon- 


stration efforts. 


CAD Language Systems Inc. 


Provides data exchange adapters. 


McDonnell Douglas Astronautics Corp. 


Will aid demonstration efforts and assist in EIS insertion. 


Arizona State University 


Will provide workshop and training facilities and will be available to house the prototype 


demonstration system. 


SPECIAL INTEREST GROUPS (SIGs) 
EIM SIG 


Reviews syntax, semantics and draft model of EIM. 


OMS SIG 


Reviews the OMS and proposes candidate standard object models. 


UIMS SIG 


Focuses on how users view a system. 


Scenario SIG 


Devise EIS usage scenarios for EIS test and evaluation. 


Adapter SIG 


Evaluates EIM in regards to tools and workstations. 


In addition, there are four working groups for four perspectives: the Department of Defense, 
design and engineering users, management and administrative users, and tool and 


workstation developers. 


life scenarios. The representatives were 
also organized into working groups repre- 
senting different viewpoints: DOD person- 
nel; management and administrative us- 
ers; tool and workstation developers; and 
design and engineering users. 

By 1990, the EIS program will develop a 
prototype software system to demonstrate 
the merit of the recommended guidelines 
for the way engineering data is created, 
displayed, maintained, stored, and com- 
municated. The prototype EIS will consist 
of a network of different host systems, 
operating systems, DBMSs, and CAD tools. 
All will be made compatible and inter- 
operable through the EIS software. 


@ EIS OBJECTIVES 


According to Katie Rotzell, a Hewlett 
Packard Co. software development engi- 
neer who serves as the chairperson for the 
Object Management System Special Inter- 
est Group (OMS SIG), EIS differs from some 
commercial efforts at tool integration be- 
cause it provides an “illusion of tool inter- 
operability.” Other tool-integration ef- 
forts, such as the CAD framework 
initiative, provide a specific framework 
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and database that tools plug into. The EIS 
also contains longer-term requirements 
that extend beyond inter-operability, such 
as allowing execution of a tool to be sus- 
pended and restarted. 

EIS will create a system that promotes 
compatibility and inter-operability be- 
tween CAD tools, the data they generate, 
and the systems or methods used to store 
and group data. In addition to improving 
integration and portability, EIS seeks to 
encourage design-environment uniform- 
ity, simplify the exchange of information, 
and improve design management. 


@ EIS TO ENCOURAGE 
INTEGRATION AND PORTABILITY 


While it will not be a self-contained 
design automation system, EIS serves as a 
foundation for the integration of cost- 
effective, efficient design tools, both new 
and existing. In addition, it will encour- 
age the portability of tools by providing 
cost-saving services and specifications. 
Portable tools should also enhance the 
portability of design databases because de- 
sign data will exist independently of the 
tools. Independence of data from tools 


allows users to plug tools into a CAE 
system, which can immediately work with 
the data at hand. Tool developers will find 
that they won’t have to support as many 
versions of a tool. And, more tools will be 
available for selection when they can be 
easily moved without changing them. 

EIS should facilitate design information 
exchange. Its model for engineering data, 
data functions, and operations for access- 
ing and storing data lets a variety of tools 
work from the same database. Any tool 
designed to work with the EIS specifica- 
tions can access an EIS environment. 

In defining an EIS environment, the 
issues to be considered include inter-tool 
interfaces, network and operating system 
interfaces, consistent user interfaces, stan- 
dardization efforts and policies, and the 
migration of existing tools into an inte- 
grated EIS environment. Interfaces be- 
tween the tools, database, and the under- 
lying hardware and operating system are 
provided, so the same software can run 
anywhere. Standards for developing inter- 
faces also allow the same “look and feel” 
with different software and hardware 
combinations. 

The implementation of these policies 
and a database methodology support de- 
sign management and the reuse of pre- 
vious designs. The EIS allows controlled 
sharing of preliminary design data, pro- 
tection of released design information, 
reuse of past designs, and monitoring of 
in-progress design methods. Implementa- 
tion and enforcement of local policies al- 
low companies to control designs however 
they choose. 

EIS will provide information manage- 
ment for control of data and versions of 
designs, for example. The system's admin- 
istration functions provide the tools and 
specifications for managing the data dic- 
tionary, tools, workstations, user profiles, 
and control rules. 


@ PROPOSED FEATURES FOR EIS 


To meet all these goals, the proposed 
EIS will have to have the following 
features: 

@ Inter-operability—the means for the 
interchange and reuse of product-related 
information; 

@ External interface support—communi- 
cation through standard facilities with the 
various interfaces required in the design 
process; 

@ A tools interface—generic facilities for 
input and output, translations, routing, 
and dialog manager services; 

@ Multiple host support—the ability to 
run on one or more diverse computers and 
operating systems; 

@ An engineering information model—a 
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Can you solve this problem 
with a one-clock telecom tester? 
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This ISDN transceiver requires 
synchronized transmit/receive 
data at 15.36 MHz anda bus 
interface pattern at 20 MHz. 
Given the tester’s single master 


clock, what frequency do you 
program? What integer ratios do 
the dividers need? 
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If you settle for anything less than Synchromaster, the new 


resource-per-pin mixed-signal 
test system from LTX, you're 
going to wind up one clock 
short. In order to produce test 
frequencies of 15.36 MHz and 
20 MHz with a single-clock test 
system, you would have to 
choose integer ratios of 125 and 


96 and set the pattern generator 
at 1.92 GHz — well beyond the 
typical 100-200 MHz range. 
Only Synchromaster can 
produce the exact combination 
of frequencies this IC requires. 
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Its Dual Synchronous timing 
system uses two high-resolution 
generators, so patterns and 
waveforms aren't constrained to 
just ratios of a single frequency, 
as they are in single-generator 
testers. 

We've been through exercises 
like this many times, for many 
years. In fact, no one else comes 
close to LTX in mixed-signal 
testing experience. That’s why 
the Dual Synchronous timing 
system is a design fundamental. 
And that’s why Synchromaster 
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Need more time? 
Get the tester with two clocks. 
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gives you the first total mixed- 
signal resource-per-pin design: 
96 pins with complete analog, 
digital and DSP. System-wide 
Bi “a ene Aydin Send for our White Paper: “Telecom Synchromaster. The new mixed- 

helio de : Testing Without Hangups, ” for the signal tester from LTX. 
set switching, and pakent rales details on Synchromaster’s Dual 
up to 80 MHz. And techniques Synchronous timing system. Better 
for solving the problems of yet, use the telephone. Call Carol 
jitter, pulse mask testing and Everett at (617) 461 1000. 
other telecom measurements ... 
without compromise. 


It’s why time has run out on one-clock testers. P, Responds. 
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standard for translation of engineering ob- 
jects to and from different representation 
formats; 

@ An object-oriented design methodolo- 
gy—an approach for maximum system 
flexibility and extensibility; 

@ An Ada basis—a software standard for 
increased reliability and portability 
throughout the system; and 

@ Multiple languages—the ability to 
work with other popular languages, such 
as C. 


@ COMPONENTS OF EIS 


To provide these features, EIS has been 
broken up into eight interrelated compo- 
nents (Figure | and Table 2). These com- 
ponents, which include both static (data) 
and dynamic (routines) parts of the specifi- 
cations of EIS, are as follows: 

@ The engineering information model (EIM). 
This is the formal statement of the infor- 
mation the EIS will track. The EIM is the 
cornerstone for data exchange and tool 
inter-operability because it gives EIS-man- 
aged information a structure and seman- 
tics. For the prototype EIS, the EIM de- 
scribes electronic-engineering data, but it 
is extensible and can be updated to include 
other types of data such as mechanical and 
software-engineering data. According to 
the EIS project, the only sound way to 
achieve tool inter-operability is to develop 
a common information model. 

For an engineering environment sup- 
ported by EIS, the EIM provides a model of 
the classes of engineering information that 
are needed to describe the semantics of 
that information. The EIM won't represent 
engineering data itself; that is the purpose 
of a common exchange format like EDIF. 
Instead, it defines the information classes 
and modeling rules that form the basis for 
formulating a conceptual framework for 
information exchange. 

According to Bill Johnson, the director 
of development at EDA Systems Inc. and a 
member of the EIM SIG, the EIM has an 
enormous number of objects and relation- 
ships to model. To reduce the total num- 
ber of elements and relationships between 
them, some EIM objects may become attri- 
butes of others. This reduction will prob- 
ably be necessary before EIM becomes a 
practical schema (a definition of the classes 
of object types and the functions relegated 
to a particular class). 

The EIM uses three views to accommo- 
date specific uses of the EIS-controlled 
data: an EDIF view for data exchange, a 
VHDL view for hardware modeling, and an 
EIS administrative view, which deals with 
configurations and versions. These views 
will be defined in terms of OMS objects and 
functions. 
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Figure 1. The eight components of the EIS integrate disparate tools, interfaces and databases, providing a common 
information model, object management system, and interfaces for engineering design data. 


The EIM will be described in English, 

pictorially represented with IDEF1X-stan- 
dard figures, supplemented with template 
descriptions and coded in a machine-ex- 
ecutable language called OODL. It will be 
both stored and able to be queried in the 
prototype. 
@ The modeling method and language (MML). 
It defines a syntax for expressing the infor- 
mation within the EIM. It explains how to 
express the information in the EIM as ob- 
jects, functions or types. 

The MML supports abstract data types 
for object-oriented database management. 
It provides the ability to describe queries, 
including parameterized queries to the 
information described by the EIM. It must 
support the concept of imprecise values for 
properties, such as ranges, and means with 
standard deviation. 

MML serves as a base for object-oriented 
data language (OODL), a modeling lan- 
guage being developed for EIS. OODL is an 
interface to underlying data servers. It can 
access existing database management sys- 
tems and helps the incorporation of new 
ones. 

@ The object management system (OMS). It 
plans request execution and decomposes 
requests into steps to be distributed across 
DBMSs and computer systems. It consists 
of a functional model specification, the 
objects and their functions and facilities to 
map the model to underlying databases. 

The OMS is not an object-oriented 
DBMS. It is the specification for the func- 
tions that the underlying DBMS must per- 
form. This system is necessary to support 


EIS’ object-oriented paradigm across the 
underlying file servers and DBMSs that may 
or may not be object-oriented. 

It also provides a method for handling 
vast amounts of data in a “natural” way. 
Object-oriented data modeling and _ pro- 
gramming manipulate data in the same 
way that people mentally manipulate ob- 
jects. Object-oriented programming, by 
making both tools and data into objects, 
therefore, can allow the computer to as- 
sume more information 
effort. 

@ The database and file system adapters 
(DFSA). They translate the object-oriented 
expressions of the OMS into the specific 
query and update the data-definition lan- 
guages accepted by various DBMSs or file 
systems. They give the user a choice of 
DBMSss and file systems for the OMS. 

@ The tool and data exchange adapters 
(TDEA). They attach tools to an EIS. They 
translate the requests and information 
from the tool into the appropriate actions 
by the OMS and return information from 
the database to the tools for processing. 
@ The wser interface management system 
(UIMS). It allows an EIS implementer to 
build user interfaces, tools, terminal 
types, and dialog styles separately. The 
UIMS won't be another windowing stan- 
dard, but a set of design guidelines and 
computer programs that guide and sup- 
port development, execution, and mainte- 
nance of user interfaces. It manages the 
front-end capture and display of data on 
terminals and workstations. 

@ The service lattice. It allows the user to 


management 
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Saratoga FIFOs. 


Our new FIFOs 


are the world’s 
fastest. Available 
now in 10, 15, 


25,40 and 
50 MHz. 


Slow interprocessor communication 
headaches. You thought you'd 

tried every buffering remedy in the 
book to get rid of them. 

But heres one you havent: raw 
FIFO speed. Using Saratoga’s new 
family of BiCMOS FIFOs—the 
world’s first 50-MHz first-in, 
first-out memories. 

Organized as 64 words by-4 and 
by-5 bits wide, these RAM-based 


The First 5O- 
BICMOS 


devices deliver performance 
unmatched in the industry—at 10, 
15, 25, 40 and 50 MHz. 

Even so, they consume no more 
power than CMOS FIFOs, while 
offering high output drive that's 
TTLcompatible. And they can be 
cascaded to expand in word width 
and depth. Plus theyre available 
in both commercial and military 
temperature ranges, in industry- 
standard pin-outs. 

This new generation of FIFOs 


will soon include 64 by 9 and larger 


density 512, 1K and 2K by 9 devices. 
Joining Saratoga’s existing lines of 
high-performance T TL and ECL 
static RAMs—also among the fastest 
now available. And all made pos- 
sible by our proprietary BICMOS 
technology—SABIC™which 
combines the best of both the 
bipolar and CMOS worlds. 

So if system timing headaches 
have got you down, take one of our 
new FIFO buffers. And call us in 


ducing = 


the morning: (408) 864-0500. 

Or write: Saratoga Semiconductor, 
10500 Ridgeview Court, Cupertino, 
CA 95014. 


Saratoga FIFO Memories ] 


50 MHz (40 MHz | 
military) 

Data Access Time 1 5 nsec 

Data Set-upand Hold Time 3. nsec 


Clock Frequency 


Bubble-through Time 25 nsec (max) 
ower Consumption 385mW 
| Output Drive lomA | 


== Saratoga 
“i= Semiconductor 


The Technology Leader in BiCMOS 


Wik@s 
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TABLE 2. EIGHT EIS COMPONENTS 


Engineering Information Model (EIM) 


Content, structure and semantics of information in an EIS. 


Modeling Method and Language (MML) 


Defines basic concepts of objects, functions and types to use in describing information in 


the EIM. 
Object Management System (OMS) 


Manages objects and their registration, including data, instructions, requests and 


operations. 


Plans 


Requests execution and decomposes requests into steps to be distributed across other 
DataBase Management Systems (DBMS) and systems. 


Database and File Server Adapters (DFSAs) 


Translates object-oriented expressions of the OMS into the specific query, update and 
data-definition languages accepted by various DBMSs or file systems. 


Tool and Data Exchange Adapters (TDEAs) 


Components to attach tools to an EIS. 


Ustr Interface Management System (UIMS) 


t 


Establishes guidelines and basic functions for creating consistent 


user interfaces. 


Service Lattice 


Allows user to tailor EIS services for local policies such as version 


control and audit trails. 


Portability Services 


Virtual interface between EIS and its underlying operating system 


tailor EIS services for local design- and 
database-management policies. It pro- 
vides basic services for tool builders and 
EIS administrators for configuration man- 
agement, version control, and audit trails. 
The existence of the service lattice sug- 
gests that some EIS functions are not stan- 
dardized, but open to various implemen- 
tations. As a result, engineering efforts at 
each facility will be necessary to imple- 
ment policies. 

HP’s Rotzell emphasizes the importance 

of the service lattice, because EIS develop- 
ers use it to tailor and customize the 
capabilities and constraints of the EIS. It 
acts like a filter between the UIMS and the 
OMS, with restrictive policies to control 
the enormous number of operations possi- 
ble within an EIS. It not only controls, it 
also simplifies by providing utilities for 
users to do meaningful design 
management. 
@ The portability services. They provide a 
virtual interface between an EIS and its 
underlying operating system. They also 
provide the capability to implement EIS on 
different operating systems and across 
multiple operating systems. 


@ A MONSTER TASK 


The EIS project will cover different hard- 
ware platforms, operating systems, tools 
written in a variety of programming lan- 
guages, database management systems, 
networks, and user interfaces. Imagine 
trying to produce a set of standards that 
can guarantee data veracity and portability 
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over such a wide range. 

Some closely related to EIS are over- 
whelmed by its scope. “A lot of good will 
come of the project, but implementing it 
boggles my mind,” said EDA’s Johnson. 
He explains that his company’s EDA frame- 
work, which already has 30 man-years of 
effort behind it, performs perhaps 10 per- 
cent of the functionality proposed for EIS. 
As EDA’s framework represents a subset of 
the overall system proposed by EIS, the 
company intends to make it compatible 
with the standards, perhaps becoming a 
portion of the standard itself. 

Just the OMS itself presents a major leap 
in CAD database technology. Most existing 
CAD databases have used a relational mod- 
el, which stores only static information 
with no procedural information. The EIS, 
like other new database development pro- 
jects, is attempting to use functional mod- 
els within an object-oriented schema. 
Now, data is stored as objects that have 
clearly defined procedural behaviors (rela- 
tionships or functions) between them. 
This approach provides clear benefits, for 
example, in a board design, where compo- 
nents have many attributes identified with 
them that are important for different 
tools. 

Rotzell agrees that the EIS group “has 
taken on a monster task.” In addition to 
developing significant new technology, 
the EIS must use some tools more appropri- 
ate for existing technology. Rotzell cites 
as an example of the types of drawings 
used—IDEF1X—which incorporate boxes 


to represent classes and lines to represent 
relationships. These drawings were devel- 
oped to describe relational systems and 
don't have the capability to describe some 
of the characteristics of object-oriented 
systems. 


@ A HEADSTART 


Fortunately, some of the pieces of the 
EIS may already be available in the indus- 
try, such as the framework technology 
from EDA Systems, Cadence Design Sys- 
tems Inc. and the efforts of the CAD 
Framework Initiative (CFI). The CFI, which 
includes members of EDA, Cadence and the 
EIS group, is also attempting to establish 
vendor-independent methods for allowing 
engineering tools to interact. Although 
not as complete as the EIS, particularly in 
the areas of object and interface manage- 
ment, CFI enjoys more direct input and 
support from the community of design 
automation vendors. The CFI also aims to 
integrate only tools for electronic design 
automation, eschewing mechanical and 
software engineering to simplify its task. 

Although the first meeting of the CFI 
only occurred in May of this year, it’s 
smaller scale, and more direct vendor sup- 
port may result in practical implementa- 
tions before the EIS prototype is up and 
running. In addition, because CFI mem- 
bers also work in EIS SIGs, EIS should be 
influenced by the CFI efforts, and vice 
versa. In the end, the efforts of EIS and CFI 
may be less competitive than complemen- 
tary, if not redundant. 

Other pieces of EIS, such as object- 
oriented programming and user-interface 
standards, are slowly emerging in CAE and 
CAD programming. Given awareness of 
the EIS program and the feedback channels 
of the SIGs, developers of CAE and CAD will 
probably mirror the technology being de- 
veloped within EIS. This synergy may be 
the biggest contribution that the EIS pro- 
ject makes to most users of design automa- 
tion. When EIS proposals come into con- 
sideration as standards, hopefully they 
will tie together existing capabilities, 
making integrated design environments 
available quickly and inexpensively. 

a 
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ARE YOU USING... ( 6) 
e Mentor Graphics’ IDEA Series™? Meta’s Mentor AV, 
Server version of HSPICE interfaces directly into the 
IDEA MSPICE environment. 
© Cadence EDGE™ Design Framework™ System? Meta’s HSPICE 
accepts full hierarchical netlisting and generates WAVES 
output. 7/7 


@ EDA’s Electronic Design Management System? EDMS provides an 
open framework for electronic design activity incorporating HSPICE. 


@ CAECO Schematic™? HSPICE interfaces directly with CAECO’s 
full-function hierarchical schematic editor. 


@ Teradyne/Case Stellar Schematic Capture System? Teradyne/Case 
supplies a fully functional CAE package interfacing with HSPICE on 
standard system configurations. 


@ Performance CAD’s Circuit PathFinder? CPF extracts HSPICE netlists 
of critical paths from large circuits. 


@ Analog Design Tools’ Analog Workbench? The Workbench version of HSPICE 
runs in ANALOG’s design and simulation environment, providing access to 
advanced analysis tools. 


@ Interactive Solutions Limited’s MINNIE? Meta’s HSPICE interfaces with 
ISL’s interactive graphical circuit design system. 


@ IBM VM/CMS? Meta-Software’s HSPLOT high-resolution interactive 
graphics post-processor drives all devices supported by IBM’s GDDM. 


@ VIEWlogic® Workview™? Workview covers the IC, ASIC and PCB 
engineer’s total workday needs, including integrated circuit simulation 
using HSPICE. 


@ HSPICE accepts a standard SPICE netlist, making it compatible with 
most electronic design tools. 


@ Interfaces currently under development include the IBM Circuit Board 
Design System (CBDS), mixed-mode analog/digital simulation and more. 


NO MATTER HOW COMPLEX THE PROBLEM, 


META OFFERS THE CIRCUIT SIMULATION SOLUTION! 


Software evaluations are available at no charge. For detailed information on Meta-Software 
products, please contact us! 


META-SOF T WARE 


Meta-Software, Inc. e 50 Curtner Avenue, Suite 16 e Campbell, CA 95008 
Phone (408) 371-5100 e FAX (408) 371-5638 e TLX 910-350-4928 
Toll Free (800) 346-5953 
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@ 
AN INDUSTRY 


STANDARD DIGITAL 
SIMULATOR 
CAN PROVIDE THE 
FOUNDATION 


AH Ied Gas 


Minxed-Mode 


SIMULATOR 


GEOFFREY SAMPSON, MICROELECTRONICS DIVISION, 


NGiR V@GiReP 5 


FORT CODPEINS, COG, 


ruly integrated simulation tools for validating mixed analog/digital circuits are alive 


and thriving. In 1985, 22 percent of all semicustom IC designs combined digital and analog 


functions (according to The Technology Research Group Inc., Boston, Mass.), and this will 


jump to 39 percent by 1990. As chip density increases, the analog cells will also increase in 


size and complexity. But, can present-day mixed-mode simulators cope with so many large, 


complex, analog blocks combined with dense digital functions? In this article, we will 


examine the current state of mixed-mode simulation and see how close present-day 


simulators come to the capabilities of an “‘ideal’’ simulator. Then we will look beyond 


today’s ideal simulator to tomor- 
row's “dream” simulator. 

Today, mixed-mode simulation 
is viewed as an integration of ex- 
isting analog and digital simula- 
tion techniques. The real chal- 
lenge to designers of mixed-mode 
simulators is the interface that 
provides communication and syn- 
chronization between the digital 
and the analog sides. 

In advancing towards an “ideal” 
simulator, a number of solutions 
have emerged that provide satis- 
factory results, albeit for a limited 
range of applications and needs, 
depending upon circuit topology 
and the mix of analog and digital 
circuits. Before discussing the 
ideal mixed-mode simulator we 
will examine some of the applica- 
tions that lend themselves to these 
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partial solutions. 


@ APPLICATIONS VS. 
SOLUTIONS 


@ Analog circuits with a few digital 
Parts. Some circuits, while being 
essentially analog, contain some 
digital glue logic, such as a phase- 
locked loop. In this case an analog 
simulator that can model the digi- 
tal devices at the appropriate level 
(gate, functional, or behavioral) 
will suffice. A simulator with fully 
integrated digital and analog sim- 
ulation capabilities is not needed. 
These simulators combine SPICE, 
or a SPICE-derivative, with analog 
models of digital gates. The evalu- 
ation is generally two orders of 
magnitude slower than a digital 
simulator, but for an analog de- 
sign with just a few digital gates it 


is a workable solution. 

@ Digital circuits with a few analog 
parts. In a mostly digital environ- 
ment, analog simulator precision 
is sometimes required for systems 
that utilize charge sharing. The 
small number of analog parts can 
be modeled as digital parts, using 
piece-wise linear approximations, 
so long as the analog and digital 
elements are loosely coupled. 
Digital simulators with analog 
models (found primarily in found- 
ry-specific mixed-mode simula- 
tors) handle loosely coupled ana- 
log simulation reasonably well. 
This kind of simulator does not 
deal with analog models separately 
from digital models. Instead, it 
simulates the entire mixed circuit 
at one time. In the process, each 
analog model is indepenently 
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INCREASINGLY COMPLEX MIXED-MODE ICS CHALLENGE TODAY’S SIMULATORS 


ILLUSTRATION BY TERRY ALLEN VLSI SYSTEMS DESIGN 7] 


architectural experimentation by entering at a functional description level. Note that the feedback loop contains 
digital elements (glue logic and successive approximation flip-flops), an analog element (high speed comparator) 
and an interface element (DAC). Validating this circuit requires a mixed-mode simulator that uses hierarchy, allows 
mixed analog/digital/interface elements within a feedback loop, and has sufficient accuracy to demonstrate 
monotonicity (if true) at eight bits or better accuracy. 


informed of changes at its terminals. It 
then responds to the changes and indepen- 
dently updates its terminals. Thus, an 
analog or mixed-analog-and-digital signal 
propagates through the simulated circuit 
by a sequence of model interactions. The 
processing of the models can be synchro- 
nized to handle feedback between analog 
and digital elements. The interaction se- 
quence is controlled in an event-driven 
manner. Intelligence may be built into the 
analog models so that errors are flagged. 
In a digital simulator with analog parts, 
the analog models must be custom crafted 
for each cell, so, unfortunately, this 
foundry-specific solution is not generic. 
Adding new analog cells is very difficult 
since a 10-bit A/D converter model, for 
example, may require thousands of lines of 
code. A more generic approach allows the 
user to write his own analog behavioral 
models in a high-level language like C, 
but this is a heavy burden for the designer. 
It is necessary then to have standard-part 
model libraries and ASIC model libraries 
readily available for the designer. In any 
case, with the digital simulator that has 
analog parts, the models do not contain 
the transistor-level detail of a SPICE simu- 
lation. Therefore the models are not as 
accurate . Also, behavioral models have 
limited ability to handle transient signals 
such as spikes and oscillations. 
@ Circuits containing many analog and digi- 
tal parts. Designs incorporating extensive 
analog and digital elements, whose ele- 
ments interact and control each other, 
require a tightly integrated solution. That 
solution must allow for both analog and 
digital hierarchies. Such tightly coupled 
electronic circuits include data converters, 
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modems, and digitally controlled adaptive 
filters. Further, the ideal simulator must 
extend the hierarchy to include electrome- 
chanical devices so that servo control sys- 
tems, for example, can be simulated. 


@ PARTIAL SOLUTIONS 


Loosely coupled simulators. \f both an analog 
and a digital simulator are available, it is 
always possible to run the simulations 
separately, and to work out the analog-to- 
digital or digital-to-analog interface. Tra- 
ditionally this interfacing has been per- 
formed as a separate task after the 
simulations have been run, although there 
are now CAE tools that automate the trans- 
lations. This approach only works for 
loosely coupled circuits without feedback. 
Still, this is a solution sometimes taken by 
CAE workstation vendors who have not yet 
achieved a tightly coupled integration. 
Core solutions use just one simulator, 
either an analog simulator with a few 
digital models, or a digital simulator with 
a few analog models. As already discussed, 
it is possible to incorporate isolated mod- 
els of analog components in a logic simu- 
lator, with some serious trade-offs. The 
inherent gate isolation of MOS devices pro- 
vides decoupling between interface ele- 
ments, so simulation is practical; but not 
so for bipolar interface elements. 
Similarly, it is possible to include a few 
isolated digital parts in an analog simula- 
tion; but SPICE, with its matrix-solving 
algorithms, slows the simulation expon- 
entially as components are added. The 
SPICE simulation typically analyzes every 
node at each time-step and, for digital 
circuits, it cannot take advantage of the 
inherent latency of digital circuits where, 


for a given clock cycle, only a relatively 
small portion of the gates change state. 
@ A “general purpose’ simulator. One com- 
promise solution that handles both analog 
and digital circuit elements is to provide a 
simulator that is more accurate than a 
switch-level logic simulator, but not as 
accurate as SPICE. For instance, if you've 
designed an op amp at the transistor level, 
this solution can be helpful within a larger 
circuit. Using piece-wise linear models, 
this solution assumes the device is operat- 
ing in a linear fashion avoiding the need to 
solve differential equations with a matrix 
inversion. The digital models are all repre- 
sented at the gate level, and they are 
event-driven so they do not have to be 
analyzed at every time-step. 

Tightly coupled simulators. The ideal ap- 
proach, combining both speed and accura- 
cy, closely couples the matrix solution 
techniques of an analog simulator with an 
event-driven digital simulator. To assure 
proper synchronization and minimize ex- 
ecution time, the simulators pass informa- 
tion back and forth while controlling one 
another's progress. Both simulators 
should ease the use of hierarchy all the way 
from primitive modeling (analog transis- 
tors and digital gates) through functional 
modeling (op amps and shift registers) to 
behavioral modeling. Such use of hierar- 
chy permits the designer to make architec- 
tural trade-offs early in the design process 
and to use simulation time efficiently. 


@ SIMULATOR INTERFACING 


The challenge in providing tight coupling 
between the simulators is dealing with the 
A/D and D/A interfaces, and in synchroniz- 
ing the simulators. At the analog/digital 
simulator interface, considerations in- 
clude: the impedances of the digital parts 
that drive analog signal levels; the drive 
strength; threshold levels; exception han- 
dling; and accounting for unknown states. 

Careful attention must be paid to mod- 
eling the impedances at the interface. The 
model 
and second-order effects. There is consid- 
erable variation in the robustness of inter- 
face models currently offered. 

Output levels of logic devices are not 
always ones and zeros, sometimes they are 
in the unknown, or X-state. This is not an 
error condition, but rather a natural out- 
come of a set of possible nodal conditions. 
For instance, a given node may be simul- 
taneously driven by a one and zero so that 
the actual status of the node is unknown. 
If the logic simulator does not initialize 
every node, then many nodes may be set to 
X at the start of a simulation. Two signals 
on the input of a device may transition 
simultaneously, yielding a temporary un- 


must account for non-linearities 
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known state at the output. The unknown 
state may also result from a condition in 
which the node oscillates. 

Digital simulators are designed to han- 
dle the X-state and to minimize the time 
spent propagating X’s. In the analog do- 
main, propagating X’s causes a number of 
problems. First, modeling would be com- 
plicated by building x-handling into each 
model. In theory, X would be propagated 
throughout the signal paths, and, with 
feedback to the digital system, X would be 
propagated everywhere. The final result 
would be of little use and take a great deal 
of processing time. 

Instead, the X-state should be treated as 
some specific analog condition, while 
alerting the designer that an unknown 
condition exists. There are five ways of 
driving an unknown node: selecting zero 
or one at random; forcing the node to 
oscillate at each time-step; always treating 
X as zero; always treating it as one; or 
leaving it at the last known state. 

The best solution is the approach that 
makes the best approximation to the actu- 
al state of affairs at the affected node. This 
“best guess” is to place the node at its last 
known state, if it was determinate, or to 
randomly select a value of one or zero if the 
previous state was unknown. 


@ ANALOG MODELING 
LANGUAGE 


The word “model” can have many mean- 
ings. Sometimes it represents a complex 
component by means of a set of param- 
eters, like the beta of a bipolar transistor 
or the open-loop gain of an op amp. At 
other times it means the equations that 
use such parameters. In an ideal simula- 
tor, the “model” is the complete math- 
ematical description—equations and pa- 
rameters—of a component. 

. Such an ideal model would consist of 
two parts: a template that describes a 
component class in general terms and the 
set of parameter values that describes the 
particular component. For example, a 
model representing a resistor includes a 
primitive-level template that includes the 
voltage/current equation and a single pa- 
rameter: the resistance value. The particu- 
lar parameter value could then be the 
single number 1,000.0, which describes a 
l-kohm resistance. A more complex primi- 
tive, like a transistor, would need a set of 
parameter values to describe it. 

A circuit-level template of an op amp 
describes the interconnections of primitive 
transistors, capacitors, sources, and other 
parts to emulate its performance. At the 
next stage of complexity there might be a 
behavioral-level template, such as an op 
amp with open-loop gain, slew rate, and 
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gain bandwidth, or a set of differential 
equations that describes the behavior of an 
electromechanical element, like a motor. 

If a simulator accepts only a predefined 
set of templates, then modeling is reduced 
to a process of determining the parameter 
values of the item being modeled. Howev- 


er, if the simulator accepts the addition of 


user-defined templates, then it becomes 


possible to build the templates them- 


selves, creating models for a wide range of 


components and systems. The template 
should be completely separate from the 


Software, Inc. 


119 Russell St. 
Littleton, MA 01460 


simulator, allowing the addition of com- 
ponents without having to delve into sim- 
ulator details. 
In the past, 
mainly addressed the lowest levels of the 
circuit hierarchy for a restricted set of 
analog systems. For example, they have 
supplied predefined primitive-circuit ele- 
ments, such as transistors and capacitors, 


analog simulators have 


as well as blocks of subcircuits. For sys- 
tems in which the predefined elements did 
the job, these simulators have given good 
solutions. 
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OU CAN BANK ON. 


To be perfectly honest, we didn’t invent the concept that says high integration 
equals high profit. But as you can see from the application diagram on this page, 
we definitely perfected it. With our Triple Technology,"a process that allows you 
to combine E; digital, and analog functions on the same chip. And, create higher levels 


COP800 


(8-BIT 
MICROCONTROLLER 
CORE) 


| (4 KB) 
A/D CONVERTER 
(12 BITS) 


LCD CONTROLLER 
(36 SEGMENTS) 


EEPROM 


(256 BITS) 
1/O PORTS 
KEYBOARD 
INTERFACE 
AUTOMATIC GAIN 
CONTROL AND 


MISCELLANEOUS 
ANALOG FUNCTIONS 


Single chip measurement and control system, integrating several 
EEPROM, analog, and digital functions. 


of integration than ever before. 

In this case, our customer’s last product 
was a medical instrument the size of a paper- 
back, with 70 different components. By 
combining a sophisticated 8-bit controller, 
RAM, ROM, A/D converter, and 256 bytes of 
EEPROM on the same chip, we helped them 
shrink the same instrument to the size of 
a matchbox. And cut the costs just as 
dramatically. 

As a result, they have a product that 
sets new standards for the industry. And for 
their shareholders. And by working closely with 
their designers, we were able to create this 
one-chip solution with standard cells from our 
library. In fact, our customer only had to design 
about 200 gates of logic using our standard 
digital cells. 

Turnaround time from code to first 
silicon was only 18 weeks. And because of our 
development tools and mixed-mode simulation 
(MIXsim"), the first prototypes worked. 


Of course, this is only one example. With 250 digital, 50 analog, and over 
20 EEPROM cells in our library, we can create literally thousands of combinations. 
Including Analog/E; E’/Digital, Analog/Digital, and E’/Analog/Digital. For every 
application you can imagine. And we can execute them all in high performance CMOS. 

So, no matter what you're designing, call or write for our complete library 
card. And we'll show you a combination you can always bank on. Your ideas and our 


technology. 
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Figure 2. Once architectural trade-offs have been made at the functional level, the eight-bit successive approximation analog-to-digital converter is simulated at a lower 
hierarchical level. Mixed-mode simulators that don’t use matrix solving techniques do not provide sufficient accuracy to determine offset voltages for the comparators, or DC 


levels, linearity, or settling time for the DAC. 


Figure 3. The analog output of the internal DAC is shown superimposed on the eight bits of digital output (for the 
converter in Figures 1 and 2). Glued-together simulators, at best, deliver glued-together output displays; the digital 
waveforms and analog waveforms may be seen simultaneously using windowing, but they appear in separate 
windows. This makes it difficult to properly scale the results, and almost impossible to superimpose the results. A 
tightly integrated solution allows the analog and digital to be displayed on the same axis with identical time scales. 
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Designers (digital designers at least) 
have come to expect the ability to model 
hierarchically. Consider the design of an 
8-bit successive approximation analog-to- 
digital converter ASIC using CMOS standard 
cells. Our ideal simulator should allow 
architectural experimentation by entering 
at a functional description level (see Figure 
1). Note that the feedback loop contains 
digital elements (glue logic and successive 
approximation flip-flops), an analog ele- 
ment (high-speed comparator), and an in- 
terface element (DAC). 

Validating this circuit requires a 
mixed-mode simulator that handles hier- 
archies, allows mixed analog/digital-inter- 
face elements within a feedback loop, and 
has sufficient accuracy to demonstrate 
monotonicity (if true) at an accuracy of 8 
bits or better. In addition, if the circuit is 
implemented in various mixed technol- 
ogies, such as bipolar, ECL and/or TTL 
along with the CMOS standard cells, the 
simulator would allow for tight coupling 
between all circuit elements. The designer 
must then be able to descend the hierarchy 
to simulate at the level indicated in Figure 
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2 complete with gates, flip-flops, compa- 
rators, and a DAC macrocell. Mixed-mode 
simulators that don’t use matrix-solving 
techniques do not provide sufficient accu- 
racy to determine offset voltages for the 
comparator’s, or DC level’s, linearity, or 
settling time for the DAC. Matrix solu- 


tions provide the additional benefit of 


permitting ac analysis, Fourier, Monte 
Carlo, and noise analysis separately on the 
analog circuitry. 

But, by their very nature, the analysis 
routines found in conventional analog 
simulators usually require all components 
to have continuous first derivatives. More- 
over, unless predefined components are 
acceptable as an electrical analog (or the 
user is willing to alter the simulator), they 
cannot handle multi-discipline systems 
comprising electrical, electromechanical, 
and electro-optical subsystems. 

In contrast, by not requiring compo- 
nents to have continuous first derivatives 
(although the function itself must be con- 
tinuous) and by internally supporting a 
hierarchy, our ideal simulator can handle a 
wide variety of behavioral, functional, and 
primitive components and levels for any 
analog system. Additionally, the separa- 
tion of the modeling aspects of the pro- 
gram from the analysis would allow new 
models to be added without recompiling 


or relinking. 
@ THE USER INTERFACE 


“Glued-together” simulators, at best, de- 
liver glued-together output displays; that 
is, the digital 
forms may be seen simultaneously using 


waveforms and analog wave- 
windowing, but they appear in separate 
windows. This makes it difficult to prop- 
erly scale the results and almost impossi- 
ble to superimpose the results. A tightly 
integrated solution lets you display analog 
and digital waveforms on the same axis 
with identical time scales. For instance, 
the display in Figure 3 shows the analog 
output of the internal DAC superimposed 
on the 8 bits of digital output for the 8-bit 
analog-to-digital converter illustrated 
Figures 1 and 2. Note that three different 
input voltages were applied (1.5 V at 
t=O, 2.5 Vv at t=20 us, and OV at 
t = 4Qus) and that with each time-step the 
output of the internal DAC closes in on the 
input voltage. 

Users of digital simulators have come to 
expect some degree of interactivity. Simi- 
larly, with a mixed-mode simulator they 
want to be able to stop the simulation 
during the run, examine simulation re- 
sults in either or both domains, and then 
resume the simulation from that point in 
time. While digital simulators typically 
save internal states (at least for predefined 
NOV 
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nodes), analog simulators do not; 
tend to run as batch processes. Saving 
analog nodal information is an 1/O-inten- 
sive process and lengthens simulation 
time, but it is required for simulation to 


they 


resume from its temporary stop point. 
No system can be considered truly in- 
teractive unless the simulation is executed 
in the shortest possible time. To assure 
reasonable run times a hierarchical ap- 
proach is mandatory for both analog and 
digital circuit elements. This has general- 


ly been the case for digital simulators, but 


not for analog simulators. Since SPICE 
must always run at the level of transistor 
primitives, using SPICE in a mixed-mode 
simulator would be a serious drawback. 
High-level analog behavioral modeling is 
a must for efficiently executing board- 
level designs. 


@ TOWARD THE IDEAL 
SIMULATOR 


To gain widespread acceptance, today’s 
ideal simulator will need to combine an 
industry-standard digital logic simulator 
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Among them are: 
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Figure 4. Synchronization between analog and digital simulators can be accomplished using a “leapfrogging” 


technique. Instead of providing a traditional lock-step algorithm, where the simulators have to reach a certain point 
in time before continuing, the analog simulator is permitted to run as far ahead in time as is required. When a 
digital event occurs that requires analog processing, the simulator reevaluates its solution and either continues 
forward in time or adjusts backwards in order to maintain accuracy. 


with an analog simulator that provides 
true matrix solutions. The analog side will 
need to use SPICE-equivalent models to 
take advantage of the existing model data- 
bases developed at great effort and ex- 
pense, and will require extension to be- 
havioral modeling to achieve reasonable 
execution time. Furthermore, it will have 
to provide a clever scheme to synchronize 
the time-steps of the analog simulator 
with the event queue that drives the digi- 
tal simulator. Only with such synchroni- 
zation can the mixed-mode simulator han- 
dle feedback between analog and digital. 

One such scheme splits the simulator 
into three parts: the analog simulator, the 
digital simulator, and the simulation con- 
trol process. Using multitasking operat- 
ing systems, the digital and analog simu- 
lators run as separate subprocesses under 
the simulation control process. The con- 
trol process is responsible for initialization 
and synchronization of the analog and 
digital simulation subprocesses. Synchro- 
nization of the simulators is then per- 
formed by an algorithm that has access to 
information about the analog simulator’s 
internal time-step and the digital simula- 
tor’s event wheel. Logic events are sched- 
uled in regular fashion, and the analog 
simulator’s time-steps are adjusted only 
when a signal that affects both digital and 
analog circuitry changes. If the amount of 
activity across the boundaries between 
analog and digital circuits is small in 
comparison to the activity in the rest of 
the circuit, reasonable performance is 
possible. 

A better technique breaks up the lock- 
step synchronization between the simula- 
tors by allowing “leapfrogging” (Figure 
4). Instead of providing a traditional lock- 
step algorithm, where the simulators have 
to reach certain points in time before they 
continue, the analog simulator is permit- 
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ted to run as far ahead in time as it needs 
to. When a digital event occurs that re- 
quires analog processing, the simulator re- 
evaluates its solution and either continues 
forward in time or adjusts backwards in 
order to maintain accuracy. With this 
leapfrogging approach, both simulators 
analyze the system efficiently, sharing in- 
termediate results of the solution. This 
allows feedback to propagate through the 
analog and digital simulators as required, 
and greatly decreases simulation run time. 

In addition to synchronization of the 
two simulators, special attention must be 
given to cells that bridge the analog/digi- 
tal domain. In one scheme. special analog 
devices model the interface between the 
logic simulator and the circuit simulator: 
a digital-to-analog (D/A) interface and an 
analog-to-digital (A/D) interface. Analog 
model statements control the characteris- 
tics of the interface devices. By varying 
these models, the user can create interfaces 
for different logic families. 

Another approach to the A/D interface 
uses “hypermodels.”” These models can be 


looked upon as behavioral models that. 


have interprocess communications capa- 
bilities built into them. In this scheme, 
where an A/D interface occurs in a circuit, 
nodes are split into two interface models; 
one digital and one analog. 

All of the component tools and pro- 
cesses needed to synthesize the ideal 
mixed-mode simulator are present. The 
separate simulators are available and the 
problems of integrating them are under- 
stood. The marketplace is now seeing at 
least a few simulators that come very close 
to reaching this ideal. 


@ BEYOND THE IDEAL 
SIMULATOR: THE DREAM 
SIMULATOR 


It is interesting to speculate on the capa- 


bilities that the next generation of mixed- 
mode simulators may provide, and to 
think about a wish-list for a “dream simu- 
lator.”” At present, even the close-to-ideal 
simulators suffer from the need for inter- 
process communications. Only a unified 
simulator with new algorithms that oper- 
ate on all circuit elements will suffice. 
Such a simulator would likely come from a 
single company, not from a melding of 
two simulators, since neither company 1s 
likely to divulge the full source-code to 
the other. 

Next-generation simulators might have 
the capability to automatically extract 
simulation models by making measure- 
ments On existing parts similar to the way 
that parameter extraction programs work 
to extract SPICE data from transistors under 
test. 

The “dream” simulator would extend 
hardware modeling, now available in the 
digital domain, to the analog domain, so 
that analog components such as A/D con- 
verters, op amps, comparators, and phase- 
locked loops could be plugged into the 
modeler and made a part of the simula- 
tion. To provide accurate timing informa- 
tion, at actual operating frequencies, care- 
ful attention would have to be paid to 
packaging and controlled-impedance 
interconnects. 

This new simulator would extend soft- 
ware and hardware acceleration to the ana- 
log portions of the simulation. At present 
a number of dedicated logic simulation 
accelerators 1,000X + 
mance improvement by embedding the 
simulation algorithms in custom silicon or 
by microcoding. SPICE acceleration, on the 


achieve perfor- 


other hand, has concentrated on parallel 
processing, taking advantage of the coarse 
grain parallelism inherent in operating on 
a number of SPICE circuits simultaneously. 
SPICE execution time increases exponen- 
tially with circuit size. Relaxation-based 
techniques require only a linear time in- 
crease with circuit size, but do not provide 
accurate results for tightly coupled cir- 
cuits. The recent emergence of algorithms 
with the accuracy of SPICE but with better 
inherent performance has successfully ad- 
dressed this problem. « 
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he innovative part of VLSI chip design is often a 


set of custom layout blocks, blocks which by 


themselves have been cleverly planned and tuned. The 


remainder of the VLSI design is less innovative. This 


part of the design is completed as these blocks are 


placed in relation to one another, and then finally wired 


and given exact geometric placement. 


This article will address the first of these two steps, 


automatic floor-planning. 


implements the wiring and pre- 
cisely positions the blocks.) 
There are two levels of floor- 
planning. Ona small scale, within 
an individual layout block, the 
process is a manual task. This kind 
of floor plan is part of the innova- 
tion of that block—the custom 
tiny cells, such as one bit of RAM, 
having been designed so as to fit 
most snugly within the floor plan. 
Large-scale floor-planning (Fig- 
ure 1) deals with layout blocks, 
that were not designed to fit snug- 
ly with one another. These large 
blocks of layout generally have un- 
related sizes and pinouts. 
Large-scale automatic  floor- 
planning becomes indispensable as 
the number of blocks increases. 
For example, random logic might 
be implemented by several blocks, 
which usually perform better for 
the entire random logic and con- 
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(The second step, fusion, 


sume less area than a single array. 

Automatic floor-planning be- 
comes even more indispensable 
when accessing blocks from a li- 
brary, which may offer multiple 
layouts for functions that differ, 
perhaps, in aspect ratio. If there 
are multiple layouts for several 
blocks, the total possible arrange- 
ments quickly increases. 

Automatic floor-planning is 
most needed when the cells are 
computer generated. Often the 
size and number of cells are not 
known in advance. In addition, 
manual floor-planning could de- 
stroy an otherwise completely 
automatic generation of VLSI 
designs. 

Figure 2A shows the mini- 
mum-bounding-boxes (MBBs) for a 
set of possible layouts of a given 
function. They are all centered at 
the origin. Since they all have 


nearly the same minimal area, the 
upper-right corners of the MBBs lie 
approximately on a “1/X”’ curve. 
The following scenario should 
remind designers that they can’t 
rely on a packing algorithm that 
opts for a minimal area solution at 
each and every step. Figure 2B 
shows that combining the mini- 
mal area solution with another 
block (on the right) may result in 
an overall area that is far from 
minimal. Figure 2C shows that 
another solution for the left block 
(although not of minimal area) 
yields minimal area overall. 
Another consideration is that 
blocks that communicate heavily 
with one another (via many wires) 
should be close together in the 
final floor plan. This communica- 
tions optimization can conflict 
with optimal packing. A good 
packing solution that includes 
large distances between heavily 
communicating blocks may back- 
fire when all of the wires are im- 
plemented. The wires take up 
space, and may render the once 
good packing as sub-optimal. 
The automatic floor-planner de- 
scribed here has two major phases. 
The first pulls together blocks that 
communicate most heavily with 
one another. The second does the 
packing, although greatly influ- 
enced by the closeness that was 
developed in the first phase. 
For the remainder of the article 
the term “‘cell” will be used inter- 
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Figure 1. The above layout of an eight-channel, 64-level light controller chip is a result of the automatic floorplanner described in this article. 


changeably with “block.” 


@ REPRESENTATION OF 
FLOOR PLAN 


A floor plan for a set of-cells can be 
represented by a hierarchy, or tree, 
whose leaves are the individual 
cells (Ayres, 1983). The branches 
are nested lists. At the lowest lev- 
els in the hierarchy are lists whose 
elements are cells. 

Figure 3 shows three distinct 
hierarchies, and the floor plan that 
each A hierarchy is 
mapped into a floor plan using the 
following rule: Lists at the lowest 
levels in the hierarchy place their 
constituent cells left to right (Fig- 
ure 3A). Lists just above those 
place their implied layouts from 


implies. 


bottom to top (Figure 3B). The 
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next higher lists place their im- 
plied layouts from left to right. 

In general, each level in the 
hierarchy, places its cells alter- 
nately from left to right or bottom 
to top. This alternation gives rise 
to two-dimensicnal layouts. 

In fact, each list always places 
its elements left to right. But 
there is a final rotation applied to 
the left-to-right row, turning it 
into a bottom-to-top column. 
Nested applications of this “left to 
right then rotate” is what gener- 
ates the the alternating left-to- 
right/bottom-to-top placement. 

Enclosing a cell with an extra 
pair of brackets effectively rotates 
that cell. Enclosing a list with an 
extra pair of brackets rotates its 
placement, converting an orig- 


inally left-to-right placement to a 
bottom-to-top placement, and 
vice versa. Thus, it is easy for a 
computer program to manifest a 
hierarchy in order to come up with 
another one that implies whatever 
floor plan the computer program 
dictates. 

The hierarchy not only repre- 
sents a two-dimensional floor 
plan, but also represents ‘‘close- 
ness” among the cells. Cells be- 
longing to the same list are located 
closest together. Thus the hierar- 
chy represents both the closeness 
of the communicating cells and 
the packing of all cells. 

Our floor-planner 
produces two different hierarchies. 


automatic 


The first, “grouping by communi- 


cations,” might represent poor 
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packing. The second modifies this hierar- 
chy slightly to produce good packing. By 
modifying the hierarchy, instead of creat- 
ing one from scratch, some degree of 
closeness of cells is preserved in the final, 
well-packed hierarchy. 


@ GROUPING BY 
COMMUNICATIONS 


In gathering the highly communicating 
cells together, we might be given a single 
list of cells to start out with. In this case, 
the entire hierarchy would have to be 
synthesized. Alternatively, we might start 
out with a hierarchy, in which case the 
task is to refine that hierarchy. 

Each list in the hierarchy has an associ- 
ated “interface.” The interface represents 
the pinout of the layout that will be 
derived from that list. This pinout con- 
sists only of signals, not layers or posi- 
tions. Since each point in the hierarchy has 
such an interface, we can measure the 
“closeness” of two sub-hierarchies by 
counting the number of signals they have 
in common in their interfaces. The more 
signals they have in common, the greater 
the need for increased closeness. 

The operation of grouping by commu- 
nications takes place one list at a time. 
The operation must be applied recursively 
to each element in the list. Then the 
number of signals that each pair of ele- 
ments has in common must be evaluated. 
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Figure 2. An algorithm that opts for a minimal area solution at each step may not provide the best solution. 


This pair-by-pair communication band- 
width determines whether any two par- 
ticular elements are communicating more 
with each other than any other elements. 
Then the identified pairs are combined: If 
one element is a list, the other is placed 
into it. If neither is a list, both cells are 
enclosed within a new pair of brackets. 

After dispersing cells with such obvious 
communication preferences, the element 
pairs must be considered again to deter- 
mine the greatest common interface with- 
in any pair. Then chains of elements are 
constructed in which each chain represents 
a set of elements, all of which communi- 
cate with one another at that maximum 
bandwidth. There may be several such 
chains. Figure 4 shows two groups with 
the maximum of three wires. We know 
that the cells within these groups commu- 
nicates more with each other than with 
any cell outside the group. 

If all the cells communicate with one 
another at the same maximum bandwidth, 
there is only one chain, and hence nothing 
has been gained by this attempted group- 
ing. In this case, we leave this point in the 
hierarchy unchanged. 

If the grouping is non-trivial, brackets 
are placed around each group, thereby 
refining the hierarchy. Then the grouping 
is performed recursively on each of these 
newly formed groups by the communica- 
tions operator. (We flag the recursion so as 


to avoid duplicating the process on any of 
the original elements). The grouping al- 
gorithm has an n-squared behavior given a 
list length of n. If n is above 50, the given 
list is arbitrarily cut into shorter lists of 
less than SO. Within each list a non- 
recursive group-by-communications 1s 
performed to acquire bundles of the most 
actively communicating cells. Each list of 
50 is thus shortened, and bundles are now 
referenced instead of individual cells. The 
shortened lists are recombined into a 
smaller set of lists of length 50. This 
operation is repeated until there is only 
one list of length 50 or less. At this poinc, 
the grouping algorithm takes over. 


@ WEIGHTING SIGNALS WITHIN 
A LIST IN THE HIERARCHY 


Not all wires are given the same weight 
in the preceding discussion. Wires that 
are shared more heavily are given lesser 
weights. That is, a wire that connects only 
two elements is given a weight of one. A 
wire that connects three elements is given 
a weight of one half. In general, we assign 
the weight 1/(N-1) to each signal that 
connects N elements together. N is derived 
by counting the number of elements with- 
in whose interfaces the signal resides, in- 
cluding the interface for the list at this 
level in the hierarchy. 

Figure 5 illustrates the rationale for 
reducing the weights of highly shared 
signals. Part A shows what four distinct 
signals cost in terms of routing require- 
ments. The channel above that row is four 
deep. In contrast, one signal shared 
among the four cells (part B) incurs a cost 
only one-quarter as high. Part C shows 
what our pair-by-pair formalism requires 
us to see. (Each pair is connected by what 
looks like a distinct wire). To continue to 
use the pair-by-pair model, we must apply 
a weight of only one-quarter to each “‘dis- 
tinct’ wire in order to accurately represent 
the real situation as illustrated in part B. 

Figure 6 shows the effect of such 
weighting with regard to a multiplexer 
(MUX). Part A shows that K wires are 
shared among 2* cells. Part B shows that 
the total weight between any pair of MUX 
elements is less than one. The “unshared” 
wires, between each MUX element and the 
block that it drives, all have a weight of 
one. This forces the grouping shown in 
part C, as opposed to the grouping in part 
D. Part D shows 2* distinct signals as yet 
to be wired, whereas part C shows only K 
distinct signals yet to be wired. 


@ PREPARATION FOR PACKING 


The packer will turn each list in the 
hierarchy into overall rectangular pack- 
ing. After grouping by communications, 
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some lists in the hierarchy may come up 
short. Packing many elements together is 
often more efficient than packing fewer, 
larger elements. Therefore, the hierarchy 
is then modified by removing some pairs 
of brackets, which makes longer lists. The 
goal is list lengths of up to 7 or 8. 


@ ORDERING WITHIN EACH LIST 


The order of elements within a list can 
be optimized. For example, if cell A talks 
to B, and B talks to C, then the order ABC is 
more optimal than, say, CAB. In this case, 
the new order will assure that cells that 
communicate most heavily with one an- 
other will appear closest together. So at 
this point, highly communicating cells 
have not only been brought into the same 
list within the hierarchy, but that list has 
been organized to further reduce wiring. 

This organization is produced by first 
picking the element which has the largest 
interface. The new element is iteratively 
inserted into the placement built up so 
far. We chose the element that communi- 
cates most heavily with elements already 
in the order. Each possible insertion is 
considered, measuring both the cost of the 
element’s communications with others 
from that position, and the cost of forcing 
apart the elements which lie to the left and 
right of the position. The lowest cost 
insertion is selected. 


@ PACKING 


The basic packer turns a list of elements 
into a rectangular packing. This is 
achieved by adding more bracket pairs. 
The full recursive packer proceeds from 
the bottom up, tackling packing lists low- 
est in the hierarchy first. 

The packer does not result in a single 
rectangular solution, but rather in a set of 
possible solutions, like those shown in 
figure 2A. This set is called an ‘“‘ambigu- 
ous” solution, a term borrowed from lan- 
guage processing, where the (temporary) 
tolerance of ambiguity makes rich lan- 
guages translatable. 


@ BASIC PACKING 


The task of basic packing is reduced to 
one of language processing. Any packing 
can be specified textually with the use of 
three operators: two binary operators that 
specify “abut horizontally (H)” and “abut 
vertically (V),”" and one unary operator, 
“rotate.” 

For example, the floor plan in figure 3B 
can be represented as: 


(aH SHSayY G5) Vo 7 


We consider all possible such phrases. In 
this example, H or V can be chosen for each 
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Figure 4. After dispersing cells with obvious communication preferences, the element pairs must be considered 
once again to determine the greatest common interface within any pair. 


of the six in-between positions. Rotation 
can also be spontaneously applied to any 
cell, or around any pair of corresponding 
parentheses. ’ 
Notice that for a list of length N, there 
are at least 2“ possible such phrases. Even 
in the presence of only one binary opera- 


tor, there are many ways to place the 
parentheses. This placement is very im- 
portant, as shown in Figure 7. The ability 
to spontaneously rotate an element, or a 
combined phrase of elements, is another 
way to exponentially place many phrases. 

The language processing technique that 
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Figure 6. The effect of reducing the weights of shared signals with regard to a multiplexer (MUX) is shown above. 


handles such enormous possibilities is 
called parsing. All possible interpretations 
of the phrase “1 H-or-V 2 H-or-V 3 H-or-V 
4 H-or-V 5 H-or-V 6 H-or-V 7” will be 
considered by parsing this phrase with the 
following grammar: 
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solution -> solution (by rotation). 
solution H solution -> solution (by hori- 
zontal abutment) 


solution V solution -> solution (by vertical 


abutment) 


This grammar is very ambiguous, 
meaning that the grammar will under- 
stand the overall phrase as a solution in 
many different ways. The grammar 
doesn’t insist on a left-to-right grouping, 
and thus considers all possible placements 
of parentheses. 

Parsing can consider all possible solu- 
tions in only polynomial time. The trick is 
to suppress “identical” solutions during 
the unrestricted application of these gram- 
mar rules at all possible sub-phrases. 

For example, Figure 8A shows all possi- 
ble phrase spans for the phrase “1 H 2 H 3 
v 4.” 

Each such span, or parse, contains all 
possible solutions that involve the cells 
and operators over which it spans. Figure 
8B shows such occupancy. Each time a 
new solution for a parse is proposed, we 
compare it against the existing solution in 
that parse, and select the best solution. A 
solution is better if it fits inside of the 
other solution. The occupancy in each 
parse is limited to approximately 20 dis- 
tinct, best solutions. By definition, two 
solutions that have dimensions that are 
within five percent of one another are 
declared to be identical, and only the 
minimum area one is preserved. Solutions 
whose sizes are non-comparable (where 
neither one lies entirely within the other) 
are preserved. The surviving solutions all 
have nearly minimal area, and differ pri- 
marily in aspect ratio. 


@ RECURSIVE PACKING AND THE 
PRESERVATION OF AMBIGUITY 


Given a list in the hierarchy, the overall 
packer first provides an ambiguous solu- 
tion for each element in the list, using 
recursion. The ambiguous solutions for 
the elements are then combined by the 
basic packer into a single ambiguous solu- 
tion for the overall list. 

Cells represented by the numbers in the 
previous discussion may actually be am- 
biguous solutions. For example, even the 
short phrase “1” (Figure 8B) can have an 
occupancy of more than one solution. (The 
“1” thus represents the ambiguous solu- 
tion obtained from the sub-hierarchy re- 
presented by the first element in our list.) 
The tolerance of ambiguity within indi- 
vidual elements costs nothing more be- 
cause the parsing algorithm already toler- 
ates ambiguity in all non-trivial phrases, 
such as (1 H-or-V 2). Thus the currency of 
this packer, at all levels in the hierarchy, is 
an ambiguous solution. 

The “leaves” at the bottom of the hier- 
archy can be presented as ambiguous solu- 
tions. This enables a desired function to 
present not one unique solution, but a 
whole suite of solutions. The ‘“‘disambi- 
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guation” that occurs naturally throughout 
the packer serves also to decide among 
multiple solutions at the leaves. The leaf 
solutions are naturally chosen so as to 
minimize the overall area. 

At the top of the hierarchy, we are also 
presented with an ambiguous solution. 
The choice of the overall solution should 
account for aspect ratios that may be re- 
quired for subsequent manufacturing and 
testing. 


@ PRESERVATION OF ORDER 


All the solutions considered by the 
packer preserve the order initially imposed 
upon the lists, preserving the communica- 
tions considerations. If the packer pro- 
duces a list as a single row, the original 
order is clearly preserved. Other solutions 
are equivalent to the linear solution, with 
folds inserted. Those folds serve only to 
bring cells even closer together. 


@ ESTIMATE OF WIRING 


Within a given list in the hierarchy, the 
packer, with its grammar, produces all 
possible solutions, but ignores the space 
taken by the wiring. Within the parsing, 
which consumes N’ of CPU time, wiring is 
ignored simply for speed. 

Therefore, we repack each solution in 
an ambiguous solution. The topology of 
each solution is preserved, but extra space 
is imposed between cells in an attempt to 
predict wiring space. Wiring thicknesses 
are derived from the number of interface 
signals appearing within the hierarchy. 
These estimates have been tuned so as to 
provide the most realistic estimates, by 
looking at the results of the subsequent 
fusion (see, for example, Figure 1). 


@ LARGE N 


If a given list in the hierarchy has more 
than 10 elements, the same packing algo- 
rithm applies, but certain between-parse 
nodes are deleted. That is, after parsing 
the first 10 elements, the left-most node, 
between the first and second elements, is 
deleted. Also deleted are all parses either 
starting or ending there. One more ele- 
ment can thus be appended on the right, 
preserving the maximum of 10 between- 
parse nodes. In the worst case, this rule 
may remove from consideration a particu- 
lar fold, although nearby folds will be 
preserved. However, the lost fold may still 
exist within solutions of the remaining 
parses that span the defunct node. 


@ TWO-DIMENSIONAL ORDERING 


Once the packing is done, the hierarchy 
is modified. We can reorder any list in the 
hierarchy without changing the packing. 
Thus, we reorder lists to bring heavily 
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Figure 7. The importance of the placement of the parentheses is shown above. 


communicating elements closer together, 
but this time, we do it knowing what 
surrounds that list, in two dimensions. 
The ordering within two dimensions oc- 
curs from the top down. For each recursive 
call, context—which represents the out- 
side world—is passed downwards. This 
context is a set of signals, where each 
signal has an interval of residence along 
each of the four sides. Each list is ordered 
within this context. 

Two top-down sweeps are made. The 
first sweep propagates order constraints 
from left to right (or bottom to top for 
vertical lists). Each list is ordered seeing 
only the context to the left and below. 
Context on the other two edges hasn't yet 
been faithfully propagated. 

The second sweep propagates order con- 
straints from right to left (or top to bot- 
tom), and all four edges of context are 
seen. Each list is ordered now in the full 
context. 

We order each list with a slight modifi- 
cation to the ordering algorithm used pri- 
or to packing.At each possible insertion 
location, the cost is augmented to include 
the communications cost between the in- 
serted cell and the external context. 

Mirroring of leaf cells and rotation of 
“nearly square” cells operations are also 


used to obtain better solutions. 


@ THE PARTICIPATION OF BLOCK 
GENERATORS IN AUTOMATIC 
FLOOR-PLANNING 


We allow a block generator to produce 
a “‘place-holder”’ cell together with an am- 
biguous solution. This solution is the gen- 
erator’s way of providing different possible 
solutions, one of which will be chosen 
during packing. The place-holder cell ex- 
ists merely to get through the grouping- 
by-communications phase. 

We then assume that the cell chosen by 
the packer is the cell meant to be produced 
by the block generator, although that it 
might again be a place holder, in which 
case, a ‘cell regeneration” program is also 
delivered. That regeneration program will 
be invoked during two-dimensional order- 
ing, when the top-down algorithm arrives 
at the leaf cell, knowing the external 
placement of signals. The regeneration 
program is given this context, and pro- 
duces a new cell customized to that envi- 
ronment. For example, logic arrays will 
respond by ordering inputs and outputs 
optimized for the given context. 

For the regeneration program, care is 
taken to first orient the external context to 
match most optimally the place-holder 
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Figure 8. The occupancy of all possible phrase spans for the phrase ‘1 H 2 H 3 V 4” (A) is shown in (B). 


cell. The regeneration is invoked within 
the oriented context, relieving the author 
of the regeneration program from consid- 
erations of alternative orientations. The 
resulting new cell is then oriented opti- 
mally within the actual context, as we do 
for any leaf cell in the hierarchy. 


@ EQUATIONS AND MANY-TO- 
ONE MAPPINGS 


Random logic specified as a set of Bool- 
ean equations may be implemented by a 
set of logic arrays. A given logic array may 
implement more than one equation, as is 
often the case for the most efficient 
implementation. 

Grouping together highly communi- 
cating equations can be handled by the 
group-by-communications operation. We 
hide each equation under a dummy cell 
(size is unimportant) and apply the oper- 
ation over the set of equations. We further 
optimize the resulting hierarchy by apply- 
ing the prepacking ordering algorithm, 
and thus come up with a hierarchy of 
equations that has heavily communicating 
equations close to one another. 

Traversing the hierarchy once again, we 
will see lists of equations at the lowest 
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level. By combining sequences of adjacent 
equations into individual logic arrays, the 
overall hierarchy is transformed into an- 
other hierarchy, which has fewer (but real) 
cells as leaves. The automatic floor-plan- 
ning can continue at the packing step. 


@ CONCLUSIONS 


This new automatic floor-planner has 
been successfully used for more than 100 
projects. When the users’ cells are blocks, 
(significantly larger than individual stan- 
dard cells), the floor plans look almost as 
though the cells had been designed espe- 
cially to fit within those floor plans. Fig- 
ure | is a typical finished layout derived 
from the floor plan. The thicknesses of the 
wiring shows how well the floor plan 
brings highly communicating cells to- 
gether, realizing that floor-planning is not 
just a packing job. 

There are some special cases, such as 
standard floor plans with standard cells, 
for which the results are better than our 
methods. In extreme cases, standard-cell 
floor plans, with placement solved by sim- 
ulated annealing, have achieved results 60 
percent of the size achieved by our meth- 
ods. But when cells are small, custom 


block generators (for datapaths, logic ar- 
rays, or standard cells with specific floor 
plans) produce the best results, and these 
blocks are the ideal candidates for floor- 
planning using our methods. 

All features described here have been 
implemented , including the involvement 
of block generators and the application to 
sets of equations, with consistently suc- 
cessful results. All logic arrays produced 
for sets of complex equations were signifi- 
cantly smaller than an equivalent imple- 
mentation in terms of standard cells. 
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Performance 
frontiers 


Heterostructure... 


Building a Better Transistor, 


Atom By Atom 


RODERIC 


BERESFORD, 


SOLID SLATE EDLCOR 


EHIND THE CLOSED doors of the electronics industry’s solid- 


state technology laboratories, scientists and engineers are scout- 


ing the prospects for a next-generation compound semiconductor tech- 


nology that will produce a faster, higher transconductance, lower noise, 


more manufacturable transistor than today’s best gallium arsenide MES- 


FET process can muster. With the rapid developments and promising 


results to date, the question is not so much if but when heterostructure 


FET technology will make a contribution to digital LSI circuits. 


No one knows the exact answer to that question, although some people 


say three years and some say much sooner. Industry insiders think that the 


first applications will be inside a Fujitsu Ltd. supercomputer. Fujitsu 


chooses not to say so explicitly; its pub- 
lished technical accounts call heterostruc- 
ture FET ICs “ready for the next-generation 
mainframes and supercomputers.” 

In the U. S., AT&T Bell Laboratories is 
the acknowledged front-runner, thanks to 
the Defense Advanced Research Projects 
Agency, which is funding a pilot fabrica- 
tion line for HFETs—also called high elec- 
tron mobility transistors (HEMTs). Re- 
search programs are also underway at other 
laboratories, including those of Hughes, 
Honeywell, IBM, and Hewlett-Packard. 

That research and development has 
been driven primarily by the extremely 
mobility that can be 
achieved in aluminum gallium arsenide/- 
gallium arsenide heterostructures grown 
by molecular beam epitaxy. While these 
intrinsic FET performance measures, ob- 
tained near absolute zero, far surpass any- 
thing available in conventional GaAs or 
silicon technologies, they may not be im- 


high electron 
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portant or even relevant to digital applica- 
tions of HFETs. To help in understanding 
what will be important, this article paints 
a portrait of HFET technology today, in- 
cluding device principles, circuit design, 
demonstration ICs, and recent research re- 
sults, such as the highest transconduc- 
tance and cutoff frequency yet for any FET. 
A comparison with heterostructure bipo- 
lar technology—preferred by companies 
such as Rockwell International and Texas 
Instruments—rounds out the picture. 


@ ENGINEERED MATERIALS 


Molecular beam epitaxy is the key to fabri- 
cating heterostructures, which require 
atomically perfect interfaces between dif- 
ferent semiconductors. Heterostructures 
in turn are the key to a higher performance 
FET, high 
mostly a matter of engineering a high 
electron density in a thin layer of extreme- 
ly pure GaAs or a related semiconductor. 


whose transconductance is 


(For an introduction to the basic concepts 
of heterostructure devices, see ‘Inside 
High-Mobility Devices” on page 100.) 

As shown in Figure 1, an advanced MBE 
system priced at well over $1 million 
consists of several ultrahigh vacuum 
chambers and occupies a large room. The 
system pictured is built by Varian Associ- 
ates (Palo Alto, Calif.), at the moment the 
only U.S. source of MBE equipment (Japa- 
nese and French companies also produce 
the gear). MBE growth tends to be slow, 
not batch-oriented, and therefore expen- 
sive: Commercially available MBE material 
on GaAs substrates may cost up to $4,000 
per wafer. 

There are currently three MBE systems 
on line at AT&T Bell Laboratories’ HFET 
pilot fab in Reading. In its second year of a 
four-year DARPA contract, AT&T appears 
bullish on HFETs. In fact, according to 
Stuart H. Wemple, department head for 
GaAs IC Products, the AT&T program re- 
sults suggest that there will be a yield 
advantage to HFETs compared with con- 
ventional GaAs MESFETs, thanks to better 
parameter control. 

“This is going to end up being the low- 
cost way to go for GaAs ICs,” he predicts. 
The advantage comes from the use of MBE, 
in which layer thickness and composition 
can be controlled precisely, and the fact 
that HFET parameters like threshold volt- 
age are determined by the epitaxial 
growth conditions. In contrast, conven- 
tional GaAs MESFET parameters depend on 
channel implants, which are poorly con- 
trolled in comparison. Thus, the relatively 
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Figure 1. One growth chamber of the three-chamber molecular beam epitaxy system in operation at Columbia University in New York City. Under the direction of Professor Wen 


|. Wang, the facility is used to develop new materials and devices for electronics and optoelectronics. 


high cost of MBE material may be more 
than offset by the effects of its process- 
control advantages. 

While “scaling up” efforts such as 
AT&T's swing into high gear, researchers 
continue to exploit MBE in pursuit of ulti- 
mate performance. If the first chapter in 
this story was the precise control of layer 
composition and thickness, leading to the 
HEMT, the second chapter, now being 
written, is the technology of pseudomor- 
phic heterostructures, in which material 
structure itself comes under the engineer’s 
control. 

All epitaxy needs a starting substrate, 
which normally dictates the lattice con- 
stant (atomic spacing) of the subsequent 
layers. The only suitable substrates at this 
point are GaAs and InP, limiting tech- 
nologists to two “families” of materials. In 
pseudomorphic growth, however, a thin 
DUKE 
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epitaxial layer is coaxed into adopting the 
lattice constant of the substrate instead of 
its own preferred spacing. In this way 
materials can be optimized for their trans- 
port properties with less regard for the 
constraints of crystal growth. 


@ RECORD-BREAKING DEVICE 
PERFORMANCE 


Pseudomorphic HFETs hold the records at 
the moment for FET performance. In a 
development that will be presented at the 
upcoming International Electron Devices 
Meeting in San Francisco (December 11- 
14), the husband-and-wife team of U. 
Mishra and A. Brown along with S.E. 
Rosenbaum of Hughes Research Laborato- 
ries, Malibu, Calif., have investigated the 
dc and rf performance of 0.1-m gate 
length pseudomorphic HFETs in the AllIn- 
As/GalnAs system. These are the first 0. 1- 


14m pseudomorphic HFETs on InP sub- 
strates and they show a transconductance 
of 1160 mS/mm, the highest value ever 
reported for a HEMT. Furthermore, the 
extrapolated cutoff frequency is 205 GHz, 
making this the first transistor to crack 
the 200-GHz barrier. Mishra and Brown 
were also invited to speak on the subject at 
the recent Gallium Arsenide IC Sympo- 
sium, held November 6-9 in Nashville, 
Tenn. (The pair recently left Hughes for 
North Carolina, she to the Army Research 
Office and North Carolina State 
University.) 

Although widely considered outstand- 
ing work, the Hughes efforts are by no 


he to 


means singular. In fact, since pseudomor- 
phic HFETs are a natural follow-on to 
HFETs, they are evolving in parallel at the 
major laboratories. AT&T’s Wemple notes 
that Bell Labs in Murray Hill, N.J. is also 
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PSEUDOMORPHIC HETEROSTRUCTURE FET 
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Figure 2. Comparison of 1-.m gate length (20-j.m width) FETs: drain current characteristics show the high current 
and transconductance attained by a pseudomorphic HFET. The table also includes data for a lattice-matched HFET. 
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Figure 3. Typical dc characteristics of a 1.2-\.m gate 
length HEMT (after Watanabe et al., 1987). Because the 
transconductance falls off at higher gate voltages, 
HEMT logic families need to limit voltage swings to 
about 0.7 V. 


pursuing pseudomorphic HFETs (although 
not under the DARPA program) and _ has 
“seen results comparable to any of the 
‘hero’ papers,” a light-hearted reference to 
recent communications in Electron Device 
Letters, which typically report about a 50 
percent higher carrier velocity in pseudo- 
morphic GalnAs compared to GaAs. 
PHFET results have been reported by many 
groups, including General Electric, Texas 
Instruments, Matsushita, Cornell Univer- 
sity, Massachusetts Institute of Technol- 
ogy, and the Universities of Illinois, 
Michigan, and Minnesota. 

The question of performance compari- 
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son among PHFET, HFET, and convention- 
al MESFET technologies is a sticky one, 
thanks to the usual practice of omitting 
from published accounts some of the de- 
tails necessary to completely characterize a 
given technology. However, until last 
month when its doors were shut due to 
financial problems, Gain Electronics 
Corp. of Somerville, N.J., was selling MBE 
material for HFETs, and according to Rudi 
Hendel, vice president of Process Devel- 
opment, the company had done compari- 
son studies at the device level on all three 
technologies. 

The GalnAs material involved here has 
a 15 percent lattice mismatch with GaAs, 
which can be tolerated for channel thick- 
nesses up to 10-20 nm. Gain’s standard 
HFET AlGaAs/GaAs technology gives 250 
mS/mm transconductance for a 1-jwm de- 
vice, while a comparable pseudomorphic 
device has 450 mS/mm. In Figure 2, the 
comparison data for PHFET, HFET, and 
MESFET devices clearly show the signifi- 
cant advantage in current drive obtained 
with PHFETs, thanks to the higher trans- 
conductance. This comparison is not en- 
tirely fair, in that the experimental devices 
do not have the same threshold voltage as 
the production MESFET; however, the dis- 
crepancy handicaps the HFET devices so 
that the advantages are presumably even 
greater than what's shown. 


Gain also put target PHFET device pa- 
rameters into a SPICE simulation to com- 
pare the performance of gate array macros 
like flip-flops and found the improvement 
to be at a factor of two. Hendel summed 
up the advantages this way: “You can 
either keep the device area the same and 
use the increased current to drive the 
interconnect capacitance faster or you can 
shrink the transistor and get the same 
speed [as MESFETs} with a smaller die size 
and smaller capacitances.” 

Although increased drive current may 
be an HFETs most important advantage 
when it comes to contemplating LSI circuit 
applications, it is not the only improve- 
ment over MESFETs. For a given gate 
length, you get a cutoff frequency that’s 
about two times higher with HFETs than it 
is with MESFETs (Abe et al., 1987), as well 
as what appears to be an inherently lower 
noise figure. Both of these pluses are im- 
portant for analog applications. 

In fact, at Triquint Semiconductor 
(Beaverton, Ore.), a prominent supplier of 
GaAs MESFET technology, HFETs are 
viewed as a much less certain step in the 
digital realm than in microwave applica- 
tions. Rich Koyama, director of Triquint’s 
manufacturing, says that “ion-implanted 
MESFETs, properly designed, are almost 
the equal of HFETs in transconductance.” 
On the other hand, he notes that even 
today, 0.25-m HFETs are practically the 
norm in microwave applications. While it 
may be true that MESFETs can almost keep 
up with HFETs in transconductance, data 
from Fujitsu clearly show that MESFETs 
suffer major short-channel effects (thresh- 
old voltage shifts) at gate lengths below 1 
ium, while HEMTs are pleasantly well- 
behaved (Notomi et al., 1987). 


@ HFETs IN CIRCUIT DESIGN 


From the circuit designer's perspective, 
HFETs have so much in common with 
MESFETs that digital circuit designs devel- 
oped for GaAs MESFETs can be ported 
virtually unchanged. HFET ICs have used, 
for example, direct-coupled FET logic (Fu- 
jitsu) and capacitively enhanced logic 
(Hughes). What circuit designers would 
really like, however, is not a power-ineffi- 
cient depletion-load circuit family, but a 
complementary device technology like 
CMOS. Researchers at IBM are in fact devel- 
oping complementary HFETs, which 
would create the circuits of choice for data 
processing applications, provided the p- 
channel device parameters can be 
improved. 

As is the case with MESFETs, HFET logic 
swings are limited because the gate con- 
tact is a Schottky barrier that will conduct 
excessively if the forward bias is too large. 
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Figure A. Cross-section of an MBE wafer shows the layer growth sequence (top); the resulting electron potential energy profile suggests how charge contributed by 
the dopant atoms transfers to the “notch” just right of the heterojunction. Below, sectional view of an HFET shows how the gate metal may be used to self-align the 
source/drain implant; the alternative is to alloy the source/drain contacts. 
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HFETs have another related limitation, 
which is illustrated in Figure 3. 

Above about 0.5 V, the HFETs high 
transconductance starts to roll off. There- 
fore, to maintain high performance, logic 
swings need to remain around 0.7 V or 
lower. That, according to Fujitsu, is the 


reason to prefer direct-coupled FET logic, 
whose logic swing nicely matches that 
requirement. Figure 4 shows the DCFL 
circuit technique, along with the buffered 
FET logic (BFL) and capacitively enhanced 
logic (CEL) circuit techniques—the other 
two most common ‘circuit families. 


DCFL has the drawback that the device 
parameters must be tightly controlled. 
Fujitsu also builds two different versions 
of DCFL, with different depletion thresh- 
olds for operation at room temperature 
and at 77 K. For low temperature oper- 
ation, the depletion threshold is more 


Inside High-Mobility Devices 


eterostructure FET evolution began with the high 

electron mobility transistor (HEMT, SDHT, MOD- 
FET), a field-effect device in which the carrier density in a 
semiconducting channel is changed by the voltage on a metal 
gate. The more electrons, the more conductive is the channel. 
So far, that’s precisely the same principle as a MOSFET or 
conventional MESFET. Since the voltage cannot be increased 
substantially, the number of electrons in a conducting chan- 
nel has a practical maximum. However, the conductance can 
also be increased if the electrons move faster, hence the 
HEMT. How fast they go, roughly speaking, depends on 
how often they scatter and lose energy. 

In a perfect infinite crystal at absolute zero, an electron 
will never scatter—it is infinitely mobile. In a real finite 
crystal at non-zero temperature, an electron can scatter from 
crystal structure defects, from the lattice vibrations excited 
thermally, and from impurities in the crystal. Even at room 
temperature, impurity scattering is important, and as the 
temperature is reduced, it is a major limitation unless 
exceptionally pure material is used. As it happens, we can 
make material that pure, but without intentional doping, 
there won't be enough electrons around even to measure their 
mobility, much less make a useful device. 

The HEMT is made possible by two maneuvers: The 
dopant atoms are removed to a nearby layer, leaving the 
gallium arsenide channel region pure (see Figure A on page 
98). Just as important as this “modulation doping,’ howev- 
er, the nearby doped layer must have less affinity for elec- 
trons. The alloy aluminum gallium arsenide typically is used 
for the low-affinity layer. 

AlGaAs is a useful material because its lattice constant 
matches that of GaAs and its bandgap changes with the 
fraction of Al in the alloy. The conduction bands of GaAs and 
AlGaAs line up such that electrons see about a 0.3-eV barrier 
between the two materials in a typical device (the heterojunc- 
tion effect). Under these conditions, the electrons contribut- 
ed by dopants in the AlGaAs transfer to the GaAs channel 
region. Since they are then separated from the dopant ions, 
the electrons’ scattering is much reduced. A typical HEMT 
channel exhibits electron mobility at room temperature 5-10 
times higher than that of doped GaAs. 


@ SATURATION VELOCITY IS THE KEY 


Unfortunately, that high mobility is found at low electric 
fields only. At higher fields, the mobility quickly heads 
toward zero: Once “velocity saturation” is reached, pumping 
more energy to the electrons just increases their scattering, 
transferring the energy to the crystal lattice instead of into 
electron motion. This phenomenon is illustrated in Figure B, 
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Figure B. Electron velocity as a function of electric field. Indium gallium 
arsenide alloys have significantly higher carrier velocities than gallium arsenide 
for moderate fields, leading to improved device transconductance. 


which plots electron velocity versus applied electric field for 
two materials. In transistor applications, several volts may be 
applied across a channel of a micron or less, putting us well 
into the high-field regime. Thus, the more important param- 
eter for devices is the saturation velocity, not the low-field 
mobility. 

Realizing this distinction, researchers have considered 
indium arsenide, which exhibits a saturation velocity 4-5 
times greater than that of GaAs. Prospects for an InAs 
transistor technology are unclear, because the material is not 
well developed and semi-insulating substrates are not avail- 
able. However, indium phosphide is available as a semi- 
insulating substrate and, with just the right compositions, 
the alloys GalnAs and AlInAs lattice-match InP. So a heter- 
ostructure FET can be migrated from the AlGaAs/GaAs 
system to the AllnAs/GalnAs system. The saturation velocity 
of GalnAs improves over that of GaAs, but not surprisingly, 
it’s not as good as for pure InAs. 

In order to get around the composition constraint imposed 
by the need to match lattice constants (and thereby try to 
improve performance), an approach gaining favor is to grow 
“pseudomorphic”’ alloy layers. The name arises from the fact 
that the epitaxial layer starts growing by adopting the crystal 
structure of the host (the fake morphology), rather than its 
own. Only after a certain thickness of material is built up will 
the internal stress generate defects in the material as it tries to 
adopt its preferred structure. Pseudomorphic GalnAs and 
AllnAs layers can be grown on InP or GaAs substrates. 
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combination of truth tables, state dia- 
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Figure 4. Comparison of FET logic families. The asynchronous latch pictured at left would require the load connections shown in the trio of insets, right. (Pull down connections 


for BFL and CEL are omitted in this drawing.) 


negative to take advantage of the increased 
“drivability” of the gate. In the room- 
temperature version, the thresholds are at 
0.22 V (enhancement) and —0.55 v (de- 
pletion) with a 0.2-V noise margin and 
1.6-V supply voltage. Standard deviations 
in the thresholds across a wafer are report- 
edly 17 and 59 mv or 7.7 and 10.7 
percent for enhancement and depletion 
devices, respectively (Kajii et al., 1988). 
A basic DCFL inverter dissipates 1 mW and 
drives a “standard” load (fan-out of 3 plus 
wiring) in 110 ps. 

BFL can drive high fan-outs faster, but it 
also consumes more power, as is clear from 
the circuit drawings in Figure 4. Accord- 
ing to the work done at Hughes, where 
CEL is preferred, the back-biased diode 
used as a coupling capacitor passes the fast 
switching currents. Since the current in 
the level-shifting diodes then does not set 
the gate speed, that current can be re- 
duced for a power consumption advan- 
tage. In 25-GHz divide-by-two circuits 
built at Hughes, CEL dissipates 64 mW 
versus 450 mW for BFL (Jensen et al., 
1988). 

Ultimately, a very-low-power comple- 
mentary HFET technology may be feasible, 
based on work underway at IBM’s Watson 
Research Center. Richard A. Kiehl and 
his colleagues are combining n- and p- 
channel HFETs by stacking up the neces- 
sary epitaxial layers for both devices and 
etching away one set where the other type 
is needed (Kiehl et al., 1987). P-channel 
FETs in gallium arsenide are usually poor 
performers, because holes are some 20 
times less mobile than electrons (5 times 
less mobile at 77 K). However, based on 
measurements of 1.5-fm_ devices, this 
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group projects that they will be able to 
achieve room-temperature 
tances of 5S mS/mm in 0.7-m p-channel 
HFETs, which compares well with 280 
ms/mm for the n-channel partner. Kiehl is 
aiming for a CHFET technology that would 
offer 160-ps gate delays, and thanks to 
low-power complementary circuits, a 
power-delay product about 10 times bet- 
ter than all n-channel HFET technology. 


@ TEST DRIVING THE 
TECHNOLOGY 


transconduc- 


A useful overall figure of merit for LSI 
technologies, the power-delay product for 
HFETs looks good indeed. Fujitsu's 0.5- 
jtm HEMT technology sits right around 
0.1 pj (room temperature), based on mea- 
sured gate delays of 35 ps at power dissipa- 
tions of 3 mW in 5.5-GHz frequency di- 
viders. Micron for micron, GaAs MESFET 
technologies are three to ten times worse 
(slower and higher power). 

Most of the significant HFET demon- 
stration vehicles that have been discussed 
publicly come from Fujitsu, including a 
4,096-gate array and 4K static RAM. At 
AT&T Bell Laboratories, the DARPA pilot 
line program involves a sequence of dem- 
onstration chips of increasing complexity, 
which so far has resulted in a 6 X 6 multi- 
plier, 16:1 multiplexer, shift registers, 
and in all, some eight low-integration- 
level test vehicles. According to Wemple, 
the next round is underway, with 3-5K 
gate chips in design. Depending on your 
level of optimism, AT&T could be viewed 
as two to three years behind Fujitsu, 
which submitted results on its 4K gate 
array (a 16 X 16-bit multiply in 5S ns) more 
than a year ago. 


At the 1988 International Solid State 
Circuits Conference, Watanabe et al. from 
Fujitsu described a 4 X 9-bit data register 
geared for high data rates and low clock 
skew among the outputs. At about 1,100 
gates, this chip is not pushing the limits 
of integration, but instead it’s pushing the 
problems of high fan-out and delay vari- 
ation that must be confronted in making 
practical circuits. The logic path from 
clock input to data output operated at 490 
ps (an estimated 43 ps per gate), allowing 
the chip to run at clock rates over 1 GHz. 
No measurements of clock 


published. 
@ THE PERSISTENT DOUBTS 


skew were 


Are HFETs ready for real applications? The 
demonstration vehicles described show a 
capable and valuable technology, but ev- 
ery technology has its bugaboos and criti- 
cal steps. The two critical ingredients of 
HFETs are high-quality MBE material and 
the selective dry etching of GaAs (stop- 
ping on AlGaAs). Both those elements 
have been demonstrated by many groups 
and in fact have become commercially 
viable via discrete devices for microwave 
applications. Still, there are subtle materi- 
al problems that some think make HFETs a 
poor choice for LSI. 

The AlGaAs alloy usually shows charac- 
teristic charge-trapping sites—cryptically 
called DX centers—that have been impli- 
cated in bad behavior of HFETs—collapse 
of the current-voltage characteristic and a 
persistent photoconductivity. Those kinds 
of problems lead George Heilmeier, senior 
vice president and chief technical officer of 
Texas Instruments, to say outright, “I 
don’t see HEMTs being a big factor in the 
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Figure 5. Process cross-sections comparing Fujitsu HFET (left) and Rockwell HBT (right). The HFET process requires selective etching to put the enhancement and depletion 
gates at the right depth (the alloyed ohmic contacts to source and drain are not shown). HBTs need a heavily p-type base and more layers than HFETs. 


digital l-v regime.” TI instead is empha- 
sizing heterojunction bipolar transistors, 
which, as Heilmeier is quick to point out, 
offer higher power levels, lots of gain, and 
the ability to do analog/digital conversion 
as well. 

HBT technology, like HFET technology, 
requires mastery of MBE growth (Figure 
5). While it does not depend so critically 
on a selective etch, it has its own unique 
problem: Making a good HBT requires 
very high base doping, which may lead to 
segregation of the dopant and defect-rid- 
den interfaces. 

Rockwell International has perhaps 
pushed the hardest on HBT development, 
with notable success (Chang et al., 1987). 
In the words of Peter M. Asbeck, a re- 
searcher at the company’s Science Center 
(Thousand Oaks, Calif.), “we have made 
HBT frequency dividers that operate up to 
26.6 GHz, the limit of our test equip- 
ment. We believe these are the fastest 
frequency dividers in any semiconductor 
technology. For small-scale integration of 
ultra-high-speed circuitry, HBTs are un- 
equaled. Rockwell is aggressively pursu- 
ing HBTs for larger digital circuits and A/D 
converters.” 

There is hardly a major electronics com- 
pany without a stake in heterostructures, 
whether HFETs or HBTs. If Fujitsu and 
AT&T are proven correct on the manufac- 
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turability issue, HFETs may end up being a 
more practical technology than GaAs MES- 
FETs, regardless of performance. With the 
performance edge already demonstrated, 
the ongoing research on pseudomorphic 
structures, and the hard logic of high-end 
system design, HFETs appear destined for 
an elite role in the highest clock-rate 
processors. i 
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The Rapid Pro- 
totype Machine 
implements ASIC 
designs in PGAS 


S we all know, 95 percent of 
ASIC designs satisfy prototype test but 50 
percent of them bomb when placed in 
their target system. Some suggest system- 
level simulation to shake out the ASIC 
design. This approach, unfortunately re- 
quires an enormous number of component 
models and CPU cycles to succeed. 

Another solution is programmable 
gate arrays, but you could be stuck with 
one of a handful of potential suppliers. 
In addition, programmable products 
trail mask-programmed devices in speed 
and density. 

Quickturn Systems, now led by Phil 
Kaufman, the ex-chief of Silicon Compiler 
Systems, has unleashed the potential of 
programmable gate arrays as a develop- 
ment vehicle for mask-programmed gate 
arrays. This startup’s Rapid Prototype 
Machine (RPM) implements an ASIC de- 
sign’s gates in programmable gate arrays. 
A stimulus generator and logic analyzer 
can then exercise the design. Finally, an 
“in-circuit’” interface allows the RPM to 
emulate the ASIC’s function in its target 
system, acting as an ICE system for ASICs. 

The ASIC design must first be processed 
on a Sun Microsystems’ workstation, 
which can be embedded in the RPM. A 
fully-configured RPM can accommodate a 
100,000-gate design containing one or 
more ASICs. The design’s schematic netlist 
can be expressed in EDIF 2.0 or in the 
proprietary format of the following ASIC 
vendors: LSI Logic Corp., Fujistu Ltd., 
Daisy Systems Corp. and Mentor Graphics 
Corp. (an interface to Valid Logic Systems 
Inc. is due early in 1989). At present the 
design can use gate-array library compo- 
nents from LSI Logic’s LCA10000. family 
and Fujistu’s UH family. 

In processing the design, workstation- 
based RPM software parses and expands the 
netlist, translates the library elements into 
elements in the Xilinx PGAs, partitions 
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Figure 1. Quickturn System’s RPM programs ASIC designs into its emulation boards. Users can then simulate the 
design, through the use of the RPM's stimulus generator and logic analyzer, and emulate the ASIC’s function in its 


target system through an in-circuit interface. 


the design between PGAs, places and 
routes the designs in the PGAs and pro- 
grams the devices. This overnight process, 
takes about 12 to 14 hours for a large 
design (20,000 gates, for example). Once 
the design is loaded, however, increment- 
al design changes can be incorporated 
through incremental compiling. 

After the design is loaded in, patterns 
can be run into it from the pattern gener- 
ator. It is operated similar to a hardware- 
accelerated simulator, with gate functions 
implemented in hardware rather than soft- 
ware. Unlike a hardware accelerator, the 
entire design, rather than a few gate func- 
tions, exists in hardware. In this way, the 
ASIC design can execute millions of clock 
cycles each second. 

To support the enormous number of 
vectors required for such simulation, the 
stimulus generator can accept simulation 
patterns in Daisy, Mentor and Valid for- 
mats, as well as a generic ASCII format. 


The RPM is most effective when it emu- 
lates an ASIC in a target system. It provides 
that capability, in a manner similar to an 
in-circuit emulation (ICE) system. The the 
system plugs into the target system, oper- 
ates similarly to the ASIC device and pro- 
vides debugging capabilities. Running in 
emulation mode, all stimulus comes from 
the board so the logic analyzer can use all 
128 channels. 

The RPM chassis holds from one to four 
emulation modules. Each module contains 
enough Xilinx LCA programmable gate 
arrays to implement 25,000 gates of ASIC 
design. RPM connects to a workstation 
through a SCSI port. 

The base system, with one module, is 
priced at $125,000. Shipments will start 
in the first quarter of 1989. 
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Intel Corporation, P.O. Box 58119, Dept. S116, eat wl nse afl sare alge package 
includes medical/dental/life insurance, 3 weeks of paid 
Santa Clara, CA 95052. vacation your first year, 401K savings plan and 100% paid 


An EEO employer, tuition. Send your resume and recent salary history in 
actively seeking confidence to: Keith Terrell, Sr. Employment Representative; 
wistya ih Racal-Milgo, Inc.; P.O. Box 407044 (18015); Ft. Lauderdale, 


FL 33340-7044. 


candidates. 6 
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Ready to experience the challenge of a start-up 
operation, while enjoying the resources of a $7 
billion industry leader? Then consider Motorola 
Semiconductor Products Sector in Phoenix. As a 
major force in microelectronic technology, we 
have immediate openings available on our CAD 
Software team. 


Product Manager 


With a CS/EE degree and 5+ years experience, 
you'll possess strong program management skills 
and an intuitive sense of the industry's direction. 
Must also have demonstrated ability to take a 
fully-integrated CAD system for silicon design 
from concept through entire product life cycle. 


Marketing Manager 


Responsible for the total marketing function, 
you'll direct applications engineering, merchan- 
dising, product positioning and tactical support. 
Must be able to articulate detailed CAD product 
strategies, while cultivating customers and guiding 
new product development. Successful major 
account experience needed. 


Engineering Manager 

Will provide leadership to a source level support 
group for a complete line of workstation-based 
CAD products on VAX, Sun and Apollo. Seek an 
individual with aggressive technical management 
skills and 3-5 years related experience, to include 
a solid background in software test and QA 
methodologies. CS or EE degree also required. 


Applications Engineers 


Ideal for those seeking to master the industry's 
hottest CAD tools, these positions involve 
assisting customers in designing high perform- 
ance ECL, BIMOS and CMOS system level ASIC 
architectures. Prefer CS or EE degree, with 2-3 
years of logic design work using engineering 
workstation-based tools. 


Based in the beautiful Southwestern city of 
Phoenix, these opportunities include competitive 
salary and outstanding benefits. For immediate 
consideration, send resume and salary history to: 
Carl Carrillo, Dept. SPS-252, Motorola SPS, 
725 S. Madison, Tempe, AZ 85281. Equal 
Opportunity/Affirmative Action Employer. 


MOTOROLA 


Breakthrough... 


Join ACTEL’s innovative team developing 
breakthrough ASIC products based on an 
exciting new antifuse programming technol- 
ogy. ACTEL has developed the industry's 
first user-configurable channeled gate array. 
This promises to revolutionize ASIC use by 
reducing time-to-market and lowering the 
start-up costs of ASICs. 


We are looking for professionals with excep- 
tional talents and abilities. The following 
opportunities are available. 


CIRCUIT DESIGN ENGINEERS-You will 

be involved in new logic product design and 
development. Positions available require a 
BS/MS in EE or CS or equivalent and 2-7 years’ 
experience. You should also have broad 
knowledge of CMOS circuit design, (particu- 
larly electrically programmable circuits), chip 
architecture, layout and CAD tools. 


SYSTEMS LOGIC DESIGNER-You will be 
responsible for hardware system design for 
the product programming hardware. Requires 
a BS/MS in EE or equivalent and 5-7 years’ 
experience in logic, systems, microprocessor 
and/or PC board design. Should also have 

a familiarity with microprocessor software 
development. 


CAE SYSTEMS PRODUCT MANAGER- 
You will be responsible for production, cost 
reduction, quality, engineering support and 
new product release of CAE software, system 
hardware and documentation. Requires a 

BS in EE or CS and acombination of at least 10 
years in programming hardware design, and 
software and hardware manufacturing. 


SOFTWARE ENGINEERS- Positions avail- 
able for individuals with experience in Design 
Automation system software development 
including simulation, test generation, physical 
design and system configuration on various 
CAE workstation platforms. Requires a BS/MS 
in CS or equivalent and 2-7 years’ experience. 


ACTEL offers a competitive compensation and 
benefits package that includes stock options. 
Interested candidates should forward resumes 
to Human Resources, ACTEL Corporation, 
955 E. Arques Avenue, Sunnyvale, CA 94086. 
EOE M/F. 


Semiconductor Products Sector 
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Digital has it now 


Make Your Move 

To Digital 

Advanced development ... submicron 
architectures ... CPU architecture ... 
CAD tool development ... aggressive 
IC design ... these are just some of 
the technologies emerging at Digital’s 
Semiconductor Engineering Group 
in Hudson, Massachusetts — just 45 
minutes outside of Boston. All of 
which makes Digital a rewarding 
place for your career. 


If you’re a Semiconductor Engineer 
with at least 3 years’ experience, we 
invite you to learn about opportun- 
ities with a high degree of engineer- 
ing control you can enjoy in a stable 
environment not controlled by the 
commercial marketplace. 
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Semiconductor 
Engineering 


Apply your skills to VLSI design using 
emerging semiconductor processes, 
design tools and packaging tech- 
nologies. Build advanced CMOS 
microprocessors for multiprocessor 
configurations. 


Develop advanced CPU and pe- 
ripheral megacells for use in VAX*- 
based systems on a chip, working 
with advanced processes and CAD 
tools to define design methods and 
deliver subsystem building blocks for 
final silicon system products. 


PRINCIPAL SOFTWARE 
ENGINEER 


Design, prototype and implement 
Advanced VLSI CAD tools for CMOS 
full custom and standard cell designs. 
Responsibilities include planning, 
development and support of high per- 
formance software. This person will 
be primarily a technical contributor, 
involved with the work of require- 
ments gathering, specification, 
algorithm development, implementa- 
tion and support of tools for data 
access and sharing, file and data man- 
agement, and common user facilities. 
Requires MSCS or MSEE plus 4 years’ 
experience (or BS plus 6 years’ expe- 
rience ). Extensive experience in the 
VLSI CAD or CAD operating systems 
area and demonstrated ability to work 
independently as well as on a small 
team is also necessary. 


PRINCIPAL VLSI 

CMOS DESIGN 

Technically lead an Advanced VLSI 
CMOS chip or megacell engineering 
team from specification to release 
into production. Ideally you should 
have at least 4 years in digital VLSI 
CMOS integrated circuit design. You 
should be expert in many of the fol- 
lowing areas: computer system 
design, chip specification, micro-ar- 
chitecture definition and behavior 
modeling, circuit design and verifica- 
tion, layout planning, test vector 
development and transferring a de- 
sign into manufacturing. 


VERIFICATION ENGINEER 
Work with design team to verify com- 
plex, next-generation, full-custom 
VLSI chip sets, modules and systems. 
Plan and create verification tests, and 
develop tools, methods and tech- 
niques to improve the efficiency and 
quality of the verification process. De- 
velop testability features and evaluate 
the quality of tests. Requires BSEE or 
BSCE with 1-3 years’ experience in 
logic design, verification, test/diag- 
nostics, and familiarity with CPU 
macro- and micro-architectures, de- 
sign-for-testability concepts and 
fundamental software programming. 


SUPERVISOR CAD 
SOFTWARE 


Contribute to Digital’s VLSI success 
through the development and timely 
delivery of the highest quality VLSI 
tools. Supervise and direct a team of 
six CAD Software Engineers develop- 
ing and maintaining VLSI layout 
verification tools featuring an inter- 
connect verifier, a wirelist compare 
utility, and various hierarchical node 
and parameter extractors. Respon- 
sibilities also include understanding 
and planning future CAD develop- 
ment and coding when necessary. 
Requires previous VLSI CAD and su- 
pervisory experience and an MSCS or 
MSEE degree. 


CAD/SIMULATION 
ENGINEERS 


We are looking for experienced Logic 
Simulator developers to contribute to 
the further design, implementation, 
and application of our in-house Logic 
Simulation systems. Areas of interest 
include both good and fault simula- 
tion development, TEST feature 
development, behavioral and switch 
level acceleration techniques in both 
hardware and software, and general 
CAD development experience. 


Would you like to work with cutting 
edge semiconductor technology? 
Then make your move to Digital 
Equipment Corporation. Send your 
resume to Gary V. Schipani at 
Digital Equipment Corporation, 
Employment Department 
1101-8825, 77 Reed Road, HLO2-2/ 
K12, Hudson, MA 01749-2895. 


*Trademark of Digital Equipment Corporation. 


We are an affirmative action employer. 
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Design the next 
EDA standard. 


Mentor Graphics Corporation offers you that 
opportunity. As the international leader in 
Electronic Design Automation (EDA), 
Mentor Graphics offers sophisticated tools 
for every phase of EDA, from design 
through test and documentation. 


These tools will advance EDA standards and 
offer engineers the systems with which to 
design the next generation of products. And 
the environment used to develop and inte- 
grate the tools must be even more advanced. 
It is. 


At Mentor Graphics, we’re defining a world- 
class development environment that covers 
analog, digital, software and system design. 
We have opportunities for talented technical 
professionals to help develop tools using 
object-oriented methodologies that integrate 
with our product lines. Our goal is to deliver 
nothing less than a new standard of EDA 
productivity to our customers around the 
globe. 


So, if you want to work in a world-class 
development environment, explore these 
managerial, senior- and staff-level oppor- 
tunities with Mentor Graphics: 


Product 
Development 
Engineering Managers 
Technical Leaders 
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Software Development 
Engineers 


@ Data Modeling 

@ User Interface Management Systems 
@ Design Data Management Systems 
@ Tool Framework Environment 


Live where the quality 
of life is high, and the 
cost of living is low. 


Mentor Graphics is in Beaverton, Oregon, 
where you'll find affordable housing within 
easy commuting distance in one of Amer- 
ica’s best recreation areas. 


Along with an environment in and out of 
work that’s the envy of many, Mentor 
Graphics also offers you excellent compen- 
sation and a complete array of benefits, 
including a comprehensive relocation 
package. 


Find out more — send your resume to: Pro- 
fessional Staffing, Mentor Graphics 

Corporation, Dept. 2000, 8500 S.W. Creek- 
side Place, Beaverton, Oregon 97005-7191. 


We are proud to be an equal opportunity 
employer committed to affirmative action. 
We encourage qualified female, hand- 
icapped, minority and/or veteran candidates 
to apply. 
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Weve 
Given Low-Power 
Programmable 
Logic A Feature It 
Never Had. 


Introducing Samsung CMOS Programmable Logic 


We would never claim that | CPL reduces power dissipation 70% compared 
; to bipolar PALs. 
CMOS programmable logic 


Key: 


competitive with bipolar PALs. 
And as a result, CPL is the 


isn’t already on the market. | —* oe sacer first viable low-power replace- 
Because it is. seeeeee 8 Outputs switching, no load ment for bipolar PALs. 


But it’s never succeeded in 
becoming a real alternative 
to bipolar PALS“—despite the 
considerable advantages of 
low power. 

High costs and the lack of a 
strong volume manufacturer 
have simply kept CMOS pro- 
grammable logic from being 
used, in all but avery few designs. 

Samsung CPL" changes that. 

We're producing CPL (CMOS 
programmable logic) in vol- 
ume. And we’re offering it at 
a price that actually makes it 


Cut your power 
consumption 70%. 


CPL will let you cut your power 
consumption a full 70%. By 
directly replacing the bipolar 
PALs in your existing design. 

With no new development 
tools. And with no redesign. 

And that isn’t all that CPL 
will do for you. 

It will also give you parts 
that are more reliable. Because 
unlike bipolar PALs, our UV- 
erasable CPL devices are repro- 


Standard 
PAL20 


= Half- 
Power 
PAL20 


Icc (mA) 


CPL20L 


Frequency (MHz) 


Samsung CPL Parts — 


CPL20 CPL24 


CPLI6L8 CPLI6R6 CPL20L10 CPL20R6 
CPLI6R4 CPLI6R8 CPL20L8 CPL20R8 
CPL20R4 


Speed options: 25 ns, 35 ns 
Power options (Icc maz.): 45 mA; 70 mA 


CPL is a trademark of Samsung Semiconductor, Inc. PAL is a registered trademark of Monolithic Memories, Inc. CUPL is a trademark of Personal CAD Systems, Inc. 


grammable. And we use that 
feature to offer parts that are 
100% tested. Every single CPL 
device we ship has been sub- 
jected to programming, AC, 
and functional testing, and you 
can design them in with com- 
plete confidence. 


Start prototyping 
immediately with our CPL 
starter kit. 


Developing new, low-power 
designs with CPL is easy, and 
you can do it with existing tools. 
But we’re also offering a low- 
priced Starter Kit so everybody 
can get started quickly. 


The Starter Kit includes a 


heality. 


software package designed by 
Personal CAD Systems and 
based on CUPL. It also includes 
samples of CPL20 and CPL24 
devices, which are supported 
by the Starter Kit. 

Since CPL devices are re- 
programmable, this means the 
Kit provides everything you'll 
need to prototype and debug 
new designs. 


The Starter Kit also includes 
CPL20 and CPL24 samples, a 
CPL data book, a CUPL manual, 
a Programmable Logic User 
Guide (PLUG) interactive disk- 
ette, and a booklet that leads 
you step-by-step through pro- 


grammable logic design. It’s 


| 


“3 


SAMSUNG 


Semiconductor 
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priced at just $220. 

Get started cutting power 
today. Use the coupon below to 
request free CPL samples, a data 
book, or CPL Starter Kit infor- 
mation. Or call Samsung CPL 
Marketing now at (408) 434-5400. 


Send to Samsung CPL Marketing, 

3725 North First Street, San Jose, CA 95134-1708 
Please rush me: 

CO Free CPL samples 

OA CPL data book 

0 Information on the CPL Starter Kit 


Name 


Title 


Company — 
Address 


City 


State Zip 


Telephone 


Trust S- 
ur ASICs 


wont 


QS. 
leave YOU 


out in the Woods. 


Instead, we'll help you along the path 
to higher productivity. 

Through high-volume, high-yield 
technology, our manufacturing affiliate 
Seiko Epson Corp. produces millions 
of ASIC devices each month. 

S-MOS backs up that production 
with a dependable design program that 
provides back annotation simulation 
and fault grades every chip to help your 
designs succeed. 

To keep costs low, there are no CPU 
simulation charges. 


Our full line of ASICs are migratable 
from gate arrays into standard cells and 
beyond to our Compiled Cell Custom 
cell-based designs. 

Our ASIC solutions span from 513 
to 38,550 gates with technologies down 
to 1.2 micron (drawn). 

To save you time, we can use your 
existing arrays as future building blocks. 
Most ASIC products are available 
in plastic quad flat packs, pin grid arrays, 
plastic leaded chip carriers, small out- 
line packages and plastic dual-in-line 

packages. 
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So if you're looking for an ASIC 
program that will get you out of the 
woods, call us. 


(408) 922-0200. 
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S-MOS Systems, Inc. 
2460 North First Street 
San Jose, CA 95131-1002 


